THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


APPENDICES 


TABLE  OF  CONTENTS 


CuhT-sr-  • 


APPENDIX 
>  APPENDIX 
’APPENDIX 
APPENDIX 


A-^-LITERATURE  SEARCH  ABSTRACTS^, 

B— ^PROJECT  QUALITY  CONTROL  PLAN, 

V' 

c-f- Computer  program  for  reduction  of  hplc  screen  data' 

■V  J 

D-r ANALYTICAL  METHODS’ 

^  ft 


CU  ^ 


\ 


APPENDIX  A  ’ 

LITERATURE  SEARCH  ABSTRACTS 


COMPOUNDS : 

COMPOUND: 

COMPOUNDS: 


APPENDIX  A 
TABLE  OF  CONTENTS 


UDMH,  HMX,  PETN 
ATNBA 

IMPA,  35DNP 


COMPOUND 


PAHs 


°°mPODNDS: 


UVMB 

HMX 

pktn 


Accession  For 

NT  IS  ffRAJtl 
DTIC  TAB 
Unannounced 
lification- 

Dlstribution/ 
Availability  Codea^ 
iAvail  and/or 
Dlst  I  Special 


22^1 

39203698  CA 089242 0369SF 

ANALYSIS  OF  CARBON  VERSUS  RESIN 
AUTHOR*  SZACHTA,  JANES  H. 

LOCATION*  CHEN.  SYST.  LAB.,  ARMY  ARMAMENT  RES. 
PROVING  GROUND.  MD. 

SECTION*  CA 060002*  CA090XXX  PUBL  CLASS* 
JOURNAL*  U.  S.  NTIS*  AD  REP. 

AD-A 093863*  PAGES*  48  PP. 

CITATION*  GOV.  REP.  ANNOUNCE.  INDEX 
AVAIL*  NTIS 

IDENTIFIERS*  PINK  WATER  TREATMENT  ADSORBENT* 


DEV.  COMMAND*  ABERDEEN 


CODEN* 


TECH  REP 
XADRCH 


PUBL*  78 


ISSUE* 


<U.  S.>  1978*  78<16>  >  336 


TNT  ADSORBENT  PINK  WATER* 


RDX  ADSORBENT  PINK  WATER*  HMX  ADSORBENT  PINK  WATER*  TETRYL  ADSORBENT  PINK 
MATER*  ACTIVATED  CARBON  TREATMENT  PINK  WATER.  AMBERLITE  XAD4  TREATMENT  PINK 
MATER*  AMMUNITION  PRODN  WASTEWATER  TREATMENT 


CA 089242 03698F 

DESCRIPTORS*  ABSORBENTS* WASTEWATER  TREATMENT, ADSORPTION 
IDENTIFIERS*  REMOVAL  PINK  ACTIVATED  CARBON  AMBERLITE  XAD4  BIOLOGICAL 
STUDIES  AMMUNITION  XAD  4 

CAS  REGISTRY  NUMBERS*  118-96-7  121-82-4  479-49-8  2691-41-0  7440-44-0 

37380-42-0  " 

22^9^2 

36184123  CA 086291 84 123X 

EFFECTS  OF  POLLUTANTS  ON  EMBRYOS  AND  LARVAE  OF  FROGS*  A  SYSTEM  FOR 
EVALUATING  TERATOGENIC  EFFECTS  OF  COMPOUNDS  IN  FRESH  WATER  ENVIRONMENTS 
AUTHOR*  GREENHOUSE,  GERALD  A. 

LOCATION*  UNIV.  CALIFORNIA*  IRVINE*  CALIF. 

SECTION*  CAO 04003  PUBL  CLASS*  TECH  REP 

JOURNAL*  AEROSP.  MED.  RES.  LAB.*  <TECH.  REP.)  AMRL-TR  <U.  S.)  CODEN* 

AMRLD3  PUBL*  79  ISSUE*  AMRL-TR- 129*  PAGES*  493-911 
IDENTIFIERS*  FROG  WATER  POLLUTION  ANALYSIS 


CA 0862S 1 84 1 23X 

DESCRIPTORS*  TERATOGENESI SI  WATER  POLLUTION! RANA  PIPIENSIXENOPUS  LAEVIS 
IDENTIFIERS*  FR06  EMBRYO  ANAL  BIOLOGICAL  STUDIES  POLLUTANTS  ORG  COMPOS 
EVALUATION  POLLUTANT  TERATOGENISIS 

CAS  REGISTRY  NUMBERS*  90-30-2  29619-94-9  101-67-7  302-01-2  60-34-4 

940-73-8  M7-1A-7 


22^3 


*<6126961  CR036 131 26961 H 

DETERMINATION  AND  MQN I TOR I MG  OF  SOME  ORGANIC  EXPLOSIVES  IN  NATURAL  AND 
EFFLUENT  WATER  BY  SINGLE-SWEEP  POLAROGRAPHY 
AUTHOR*  WHITNACK,  GERALD  C. 

LOCATION:  NAV.  WEAPONS  CENT.,  CHINA  LAKE,  CALIF. 

SECTION:  CA061002,  CA030XXX,  CA060XXX,  CA079XXX  PUBL  CLASS:  CONF  PROC 
JOURNAL*  IDENTIF.  ANAL.  ORG.  POLLUT.  WATER,  (CHEN.  CONGR.  NORTH  AN. 
CONT.J,  1ST  CODEN:  33SXAJ  PUBL:  76  PA6ES*  263-79  MEETING  DATE: 
73 


PUBLISHER:  ANN  ARBOR  SCI.  ADDRESS:  ANN  ARBOR,  NICH 
AVAIL*  KEITH,  LAWRENCE  H 

IDENTIFIERS:  ORG  EXPLOSIVE  DSTN  WATER,  WASTEWATER  EXPLOSIVE  DETN»  POLAROG- 
DETN  ORG  EXPLOSIVE  WATER 


CA08618126961H 

IDENTIFIERS:  ESTERS  DETN  NATURAL  WATER  WASTEWATER  SIN6LE  SWEEP  POLAROG 
ANALYSIS  EXPLOSIVE 

CAS  REGISTRY  NUMBERS:  6483-43-4  118-96-7  121-88-4  2691-41-0  7732-18-3 
CA  AAA  AS  1)26391 1 J 

THE  EVALUATION  OF  THE  TOXIC  EFFECTS  OF  CHEMICALS  IN  FRESH  WATER  BY  USING 
FR06  EMBRYOS  AND  LARVAE  v 

AUTHOR:  GREENHOUSE,  GERALD  y 

LOCATION*  DEP.  ANAT. ,  UNIV.  CALIFORNIA,  IRVINE,  CALIF.  / 

SECTION*  CA004001  PUBL  CLASS*  JOURNAL 

JOURNAL*  ENVIRON.  POLLUT.  CODEN*  ENVPAF  PUBL*  76  SERIES*  11 
ISSUE*  4  PAGES*  303-13 

IDENTIFIERS*  POLLUTANT  TOXICITY  DETN  FROG,  DEVELOPMENT  FROG  WATER 
POLLUTION 

C A 086 03 08639 1 U 

DESCRIPTORS*  WATER  POLLUTION) RANA  PIPIENS) XENOPUS  LAEVIS) DEVELOPMENT 
IDENTIFIERS*  DETN  TOXICITY  POLLUTANT  FROG  EMBRYOS  LARVAE  BIOLOGICAL 
STUDIES  DET6  INDICATOR 

CAS  REGISTRY  NUMBERS*  90-30-8  23619-34-9  101-67-7  302-01-2  60-34-4 

grM-7P_ 


2 


?  TJ3/'3/l-3  ;  - - - 

23^3^1 

93173330  CA093 181 7333 0C 

CHEMICAL  DETECTOR  UTILIZING  AN  ELECTROLYTIC  SEL  \, 

AUTHOR!  LOTZE,  THOMAS  H.  X 

LOCATION!  USA  S  v 

SECTION!  CA061002,  CA079XXX  PUBL  CLASS!  PAT 
JOURNAL!  U.S.  CQDENi  USXXAM  PUBL!  800610  PAGES:  4  PP. 

PATENT  NO!  4207162  APPLIC  NO*  18134  DATE!  780307  CLASS:  204-1 95R 
,  601N27/'46 

ASSIGNEE:  CAMBRIDGE  INSTRUMENT  CO. »  INC.'' - ^ 

IDENTIFIERS!  HYDRAZINE  DSTN  BOILER  WATER  APP,  ELECTROLYTIC  GEL  HYDRAZINE 
DETN  APP,  SILVER  OXIDE  GEL  WATER  ANALYZER 

C A 0931 817335 OC  P 

IDENTIFIERS!  ANALYSIS  DETN  BOILER  WATER  ELECTROCHEM  APP  HYDRAZINE  ETHERS 
ELECTROLYTE  GEL  CONTG 

CAS  REGISTRY  NUMBERS!  302-01-2  7732-18-3  9004-62-0  20667-12-3 


23^3^2 

93137381  CA09314137381E 

THE  OXIDATION  STATE  DIAGRAM  -  A  *  POTENTIAL  TOOL  FOR  STUDYING  REDOX 
CHEMISTRY  IN  SEA  WATER 

AUTHOR:  WONG.  GEORGE  T.  F. 

LOCATION!  INST.  OCEANOGR. ,  OLD  DOMINION  UNIV. »  NORFOLK,  VA»  23308,  USA 
SECTION!  CA 061 001  PUBL  CLASS:  JOURNAL 

JOURNAL!  MAR.  CHEM.  CODENi  MRCHBD  PUBL:  80  SERIES:  9  ISSUE:  1 
PAGES i  1*12 

IDENTIFIERS:  OXIDN  STATE  DIAGRAM  REDOX  SEAWATER,  NITROGEN  OXIDN  STATE 
DIAGRAM  SEAWATER,  MANGANESE  OXIDN  STATE  DIAGRAM  SEAWATER 

CA09314137381E 

DESCRIPTORS!  REDOX  REACTION! VALENCE! WATERS, OCEAN 

IDENTIFIERS:  USES  MISCELLANEOUS  OXIDN  STATE  DIAGRAM  DETN  NITROGEN  SYSTEM 
CHEM  SEAWATER  MANGANESE  OCCURRENCE  STUDY  DIAGRAMS  SYSTEMS 

CAS  REGISTRY  NUMBERS!  302-01-2  1313-13-9  1332-62-3  1336-21-6  7439-96-3 

7727-37-9  7782-77-6  7803-49-8  10024-97-2  10102-43-9  10344-72-6  14333-13-2 

14333-14-3  14346-48-6  14797-33-8  14797-63-0  14798-03-9  1" 


3 


*311671?  CA093121 1671 ?P 

ULTRASOUND  LEVEL-METER  FOR  MEASURING  PROPELLANT  LEVELS  IN  THE  TANKS  OF 
ARIANE  FIRST  AND  SECOND  STAGES 

AUTHOR!  DEMARAI S>  JEAN  CLAUDE?  DEOM*  ALAIN 

LOCATION!  GROUPS  RECH. »  OFF.  NATL.  ETUD.  RECH.  AEROSP. »  CHATILLQN*  FR. 
SECTION!  CA 030002  PUBL  CLASS!  JOURNAL 

JOURNAL!  RECH.  AEROSP.  CODENi  REARAU  PUBL!  90  SERIES!  194* 
PAGES!  9-22  LANGUAGE*  FR 

IDENTIFIERS!  PROPELLANT  LEVEL  ROCKET  TANK 


CA 093121 16717P 

DESCRIPTORS!  PROPELLANTS ? SOUND  AND  ULTRASOUND*  CHEMICAL  AND  PHYSICAL 

EFFECTS. 

IDENTIFIERS!  DETN  LEVEL  ROCKET  TANKS  USES  MISCELLANEOUS  VALUE 
CAS  REGISTRY  NUMBERS!  S7-14-7  10102-44-0 


22^3x8 

93100978  CA0931 01 00878F 

DETECTOR  FOR  FUMES  OF  HYDRAZINE  AND  ITS  DERIVATIVES 
AUTHOR!  CROOMES*  EDGAR  F.J  MURFREE*  JAMES  A. 

LOCATION!  USA 

SECTION!  CA 039003*  CA079XXX  PUBL  CLASS!  PAT 
JOURNAL!  U.S.  CODENi  USXXAM  PUBL!  800429  PAGES! 
PATENT  NO!  4200608  APPLIC  NOi  913706  DATE!  780613 
G01N27'02.  G01N27'16*  G01N31/10 

ASSIGNEE!  UNITED  STATES  DEPT.  OF  THE  ARMY 
IDENTIFIERS!  HYDRAZINE  DETN  AIR  SENSOR*  METHYLHYDRAZINE 
D I METHYLHYDRAZ I NE  DETN  AIR  SENSOR 


A 

4  PP. 

CLASS!  422-97* 

DETN  AIR  SENSOR* 


CA0931 01 00878F  P  X 

DESCRIPTORS!  AIR  ANALYSIS 

IDENTIFIERS!  DETN  A PP  USES-  MISCELLANEOUS  IRIDIUM  CONTG  DETECTORS 
HYDRAZINE  DERIVS  ALUMINA  PELLET 

CAS  REGISTRY  NUMBERS!  37-14-7  60-34-4  302-01-2  1344-28-1  7439-88-3 


.(A,*  i  • 


it — 

i  * 


22^9 

93097901  CA09310097901A 

ANALYSIS  OF  EXPLOSIVES 
SPECTROMETRY 

AUTHOR!  YIMON*  JEHU DA 

LOCATION!  DEP.  ISOT.  RES.*  WEIZMANN  INST.  SCI.*  REHOVOT* 
SECTION!  CA 030003*  CA080XXX  PUBL  CLASS!  JOURNAL 
JOURNAL!  J.  FORENSIC  SCI.  CODENi  JFSCAS  PUBLi  80 
ISSUE!  2  PAGES i  401-7 

IDENTIFIERS!  EXPLOSIVE  ANALYSIS  ANION  MASS  SPECTROMETRY 


BY  NEGATIVE  ION  CHEMICAL  IONIZATION  MASS 


76100*  ISRAEL 


SERIES!  23 


CA 0931 0097901 A 

DESCRIPTORS!  EXPLOSIVES? MASS  SPECTROSCOPY* NEG. -ION*  CHEM. -IONIZATION 
IDENTIFIERS!  ESTERS 

CAS  REGISTRY  NUMBERS!  53-63-0  73-11=3.118-96-7  121-82-4  2691-41-0 

>-~rh 


.4 


•Sguiowmidimlmm*** a— « k— -  — 

22/3'4 

93188652  CA09320138652M 

TESTING  PROCEDURE  TO  DETERMINE  THE  DEFLAGRATION  PROPERTIES  OF  EXPLOSIVES 
AUTHOR*  BIGOURD*  J.  5  MICHOT.  C. 

LOCATION*  CENT.  ETUD.  RECH.  CHARBONAGES*  VERNEU I L -EN-HALATTE >  F-60550. 

FR. 

SECTION*  CA 050003  PUBL  CLASS*  JOURNAL 

JOURNAL*  PROPELLANTS  EXPLOS.  CODEN*  PREXD4  PUBL*  80  SERIES*  5 
ISSUE*  2-3  PAGES*  34-6  LANGUAGE*  FR 
IDENTIFIERS*'  DEFLAGRATION  TEST  EXPLOSIVE  '• 

C A 0932 0 1 88652M 

DESCRIPTORS*  COMBUSTION. DEFLAGRATION* EXPLOSIVES 
IDENTIFIERS*  ESTERS  DETN  USES  MISCELLANEOUS  COMPOUNDS  •  * 

CAS  REGISTRY  NUMBERS*  55-63-0  78-11-5  118-96-7  2691-41-0  6484-52-2 

7790-98-9  22113-87-7  '  '  ‘  f'Zr:.  - - 

22/5^5  " 

93168765  CA09318168765X 

CALIBRATION  AND  DATA  PROCESSING  IN  HIGH  SPEED  GEL  PERMEATION 
CHROMATOGRAPHY 

AUTHOR*  KQHN*  E .*  ASHCRAFT.  R.  W. 

.  LOCATION*  DEV.  DIV. .  MASON  AND  HAN6ER-S I LAS  MASON  CO..  INC..  AMARILLO*  TX 
.USA 

SECTION*  CA035005  PUBL  CLASS*  JOURNAL 

JOURNAL*  CHR0MAT06R.  SCI.  CQDEN*  CH6SAL  PUBL*  77  SERIES*  8 
ISSUE*  LIQ.  CHROMATOGR.  POLYM.  RELAT.  MATER.  PAGES*  105-20 

IDENTIFIERS*  GEL  PERMEATION  CHROMATOG  INTERNAL  STD*  MOL  UT  POLYSTYRENE 
CHROMATOG  STD.  DATA  PROCESSING  GEL  CHROMATOG  POLYMER*  CALCN  GEL  PERMEATION 
CHROMATOG  POLYMER 

CA09318168765X 

DESCRIPTORS*  AIR* CHROMATOGRAPHY*  GEL*  DATA*  MOLECULAR  WEIGHT 
IDENTIFIERS*  INTERNAL  STDS  HIGH  SPEED  PERMEATION  UT  DETN  POLYSTYRENE 
POLYMERS  PROCESSING  RELATION 

CAS  REGISTRY  NUMBERS*  95-50-1  2691-41-0  9003-53-6  33086-17-8 

•  « 

22^6 

93119554  CA09312119554U 

DETECTION  OF  HYDRAZINE 
AUTHOR*  STETTER*  JOSEPH  R. 

LOCATION*  USA 

SECTION*  CA 059001*  CA079XXX  PUBL  CLASS*  PAT 
JOURNAL*  U.S.  CODENI  USXXAM  PUBL*  800506  PAGES*  6  PP. 

PATENT  NO*  4201634  APPLIC  NO*  916296  DATE*  780616  CLASS*  204-1T* 
S01N2J^46 

ASSIGNEE*  ENERGETICS  SCIENCE*  INC.  , 

-  .-IDENTIFIERS*  HYDRAZINE  DETECTION  AIR  ELECTRDCMCM  APP 

CA093I2119S54U  P 

DESCRIPTORS*  AIR  ANALYSIS 

IDENTIFIERS*  DETECTION  ELfCTROCHEM  APP  HYDRAZINE  OSRIV 
*  CAS  REGISTRY  NUMBERS*  57-14-7  60-34-4  '•'Xijkd  w- 


3 


22^5^1 

94010734  CA0940201 0734X 

ANALYSIS  QF  VOLATILE  AMINES  BY  SC 

AUTHOR*  RAULIN.  F. 5  PRICE*  P.5  PONNAMPERUMA.  C. 

LOCATION*  UN IV.  PARIS-VAL.  FR. 

SECTION*  CA080004  PUBL  CLASS*  JOURNAL 
JOURNAL*  AM.  LAB.  <FAIRFIELD»  CONN.;  CODEN* 
SERIES*  12  ISSUE*  10  PAGES*  45*  47-8.  50-1 
-  IDENTIFIERS*  VOLATILE  AMINE  ANALYSIS  GAS  CHROMATOG. 
AMINE  GAS  CHROMATOG.  NITRILE  SEPN  AMINE  GAS  CHROMATOG 


vl 


ALBYBL 


PUBL*  80 


HYDROCARBON  SEPN 


CA 094 0201 0734X 

DESCR I PTORS  *  AMINES. ANAL  YS I S  5  CHROMATOGRAPHY  >  GAS  5  HYDROCARBONS . ANAL YS I S  5 

NITRILES. ANALYSIS 

IDENTIFIERS*  RELATIVE  MOLAR  RESPONSE  SEPN  VOLATILE 

CAS  REGISTRY  NUMBERS*  57-14-7  60^34^  74-89-5  75-04-7  75-31-0  75-50-3 

75-55-8  '75-64-9  78-81-9  73=90-0  107-10-8  107-11-9  107-15-3  109-73-9 

109-76-2  109-89-7  124-40-3  540-73-8  616-24-0  624-78-2  765-30-0  2372-88-5 

2450-71-7  \  _  i^| 

22^5^2  "  :.r,~tr 

9401 0729  CA0940201 07292 

A  LASER  PHOTOACOUSTIC  DEVICE  AND  ITS  APPLICATIONS  IN  THE  ANALYSIS  OF  SOME 
GASES 

AUTHOR*  CHEN.  CHUAN-WEN5  MING.  CHANG— JIANG 5  LIU.  YAQ— TIAN.  UAN6.  LIAN-JIE 
5  LI>-  ZHEN— XIANGJ  XU.  JUN 

LOCATION*  CHANGCHUN  INST.  APPL.  CHEM. .  ACAD.  SIN. »  CHANGCHUN.  PEOP.  R. 
CHINA 

SECTION*  CA 080002.  CA073XXX  PUBL  CLASS*  JOURNAL 

JOURNAL*  CHI  KUANS  CODEN*  CHIKDA  PUBL*  79  SERIES*  6  ISSUE*  10 
PAGES*  38-41  LANGUAGE*  CH 

IDENTIFIERS*  LASER  PHOTOACOUSTIC  SPECTROMETER  GAS  ANALYSIS.  CARBON 
DIOXIDE  LASER  PHOTOACOUSTIC  SPECTROMETER 


'X 


CA 094 0201 07292 

DESCRIPTORS*  GAS  ANALYSIS! LASER  RADIATION. CHEMICAL  AND  PHYSICAL  EFFECTS? 
SPECTROCHEMICAL  ANALYSIS. OPTOACOUSTIC.  LASER- INDUCED 5 SPECTROMETERS. OPTOACO- 
USTIC  v- 

.  IDENTIFIERS*  DETN  PHOTOACOUSTIC  SPECTROMETRY  CARBON  DIOXIDE  SOURCE  GASES 
.--25'JCRS ^‘REGISTRY  NUMBERS*  57-14-7  67-56-1  71-43-2  74-85-1  79-01-6  1  06-99-0 
115-07-1  mb* 

LbOivt  H 

22^5^3 

93222670  CA09324222670C 

DYNAMIC  MECHANICAL  ANALYSIS  OF  LX-13.  AN  EXTRUDABLE  EXPLOSIVE  V 

AUTHOR*  FLOWERS?  G •  L*  ^ 

LOCATION*  MASON  AND  HANGER-SI LAS  MASON  CO..  INC..  AMARILLO.  TX.  USA 
SECTION*  CA050003  PUBL  CLASS*  TECH  REP 

JOURNAL*  REPORT  CODEN*  D3REP3  PUBL*  80  ISSUE*  MHSMP-80-04. 
PAGES*  34  PP. 

CITATION*  ENERGY  RES.  ABSTR.  1980.  5  <11>.  ABSTR.  NO.  17983 
AVAIL*  NTIS 

IDENTIFIERS*  PETN  SILOXANE  EXTRUDABLE  EXPLOSIVE 


C A 0932 4222 6 7 OC 

*  DESCRIPTORS*  EXPLOSIVES? SILOXANES  AND  SILICONES. DI-ME. USES  AND 
MISCELLANEOUS 

IDENTIFIERS*  DYNAMIC  MECH  ANAL  EXTRUDABLE  PETN  CONTG 
CAS  REGISTRY  NUMBERS*  78-11-5  SjfJ  6 


9iO*49*7  CHU9309UW*56?S 

ANALYSIS  OF  INTRA-  AND  INTERMOLECULAR  INTERACTIONS  RELATING  TO  THE 
THERMOPHYS I CAL  BEHAVIOR  OF  . ALPHA. -*  . BETA. -»  AND  .DELTA.-0CTAHYDR0-1»3*5*- 
7-TETRANITR0-1 »  3* 5, 7-TETRAAZOC I NE 

AUTHOR:  BRILL*  T.  B. 5  REESE*  C.  0.  / 

LOCATION:  DEP.  CHEM. *  UNIV.  DELAWARE*  NEWARK*  DE*  19711*  USA 
SECTION:  CA022008,  CA030XXX  PUBL  CLASS:  JOURNAL 

JOURNAL:  J.  PHYS.  CHEM.  COLEN:  JPCHAX  PUBL:  SO  SERIES:  84 
XSSUE:  11  PAGES:  1376-80 

IDENTIFIERS:  TETRAA2DC I NE  TETRANITRO  STABILITY  POLYMORPH 
CA09309094S87S 

DESCRIPTORS:  CONFORMATION  AND  CaNFORMERS; CRYSTAL  STRUCTURE-PROPERTY 

RELATIONSHIP? POTENTIAL  ENERGY  AND  FUNCTION* THERMAL  DECOMPOSITION 

IDENTIFIERS:  STABILITY  FORMS  OCTAHYDROTETRANI TRQTETRAA2DCINE  POLYMORPHS 
CAS  REGISTRY  NUMBERS:  2691-41-0  .  ••  •. 


22/Ssll 

*3049727  CA09306049727B 

NONDESTRUCTIVE  CONTROL  OF  ELECTROEXPLOSIVE  INTERFACE  OF  AN  EXPLODED-CORD 
DETONATOR  USING  THE  THERMAL  RESPONSE  METHOD 
AUTHOR:  KASSEL*  C. 5  CHRETIEN*  N. 

LOCATION:  CEA,  SEVRAN,  93270*  FR. 

SECTION:  CA 030003  PUBL  CLASS:  TECH  REP 

JOURNAL:  EUR.  SPACE  AGENCY,  (SPEC.  PUBL.)  ESA  SP  CODEN:  ESPUD4 

PUBL:  80  ISSUE:  ESA  SP-144*  EXPLOS.  PYROTECH. -APPL.  SPAT.,  PAGES: 
163-9  LANGUAGE:  FR 

IDENTIFIERS*  CORD  DETONATOR  EXPLOSIVE  ELECTROTHERMAL  ANALYSIS 
CA 093 06 049727B 

DESCR I PTORS  *  DETONATORS  *  CORD ?  EXPLOS I VES 
IDENTIFIERS:  ANAL  NONDESTRUCTIVE  ELECTROTHERMAL 
CAS  REGISTRY  NUMBERS:  78-11-5  /e*r,v' 

2Z/3SI& 

92202642  CA 092242 02642U 

USE  OF  A  GLC  CONCENTRATOR  TO  IMPROVE  ANALYSIS  OF  LOW  LEVELS  OF  AIRBORNE 
HYDRAZINE  AND  UNSYMMETRICAL  D I METHYLH Y DR AZ I NE 

AUTHOR:  MAZUR*  J.  F. J  PODOLAK*  G.  E. *  HEITKE*  B.  T. 

LOCATION:  U.S.  ARMY  ENVIRON.  HYS.  AGENCY*  ABERDEEN  PROVING  GROUND*  MD, 
21010,  USA 

SECTION*  CA 039001  *  CA079XXX*  CA080XXX  PUBL  CLASS*  JOURNAL 
JOURNAL*  AM.  IND.  HYG.  ASSOC.  J.  CODEN*  AIHAAP  PUBL*  80  SERIES* 
41  ISSUE*  1  PAGES*  66-9 

IDENTIFIERS*  AIRBORNE  HYDRAZINE  DETN  GAS  CHROMATOG,  CONCENTRATOR  LOU 
LEVEL  DIMETHYLHYDRAZINE  DETN*  METHYLHYDRAZ I NE  DETN  AIR  GAS  CHROMA T06 


CA 092242 02642W 

DESCRIPTORS*  AIR  ANALYSIS 

IDENTIFIERS*  DETN  GAS  LIQ  CHROMATOG  PRECONCENTRATOR  COLUMNS  HYDRAZINE 
DIMETHYLHYDRAZINE 

CAS  REGISTRY  NUMBERS*  57-14-7  302-01-2  ..C,v; 


..  C,v 


*£133100  CA092221S31 002 

ELEMENTARY  THEORY  OF  EXPLOSIONS  FOR  EJECTIONS  AND  THEIR  SIMULATION  USING 
ARTIFICIAL  GRAVITY 

AUTHOR:  BARSANAEV*  S.  B.?  GUROVICH*  V.  TS.?  RASSHIKHIN*  k.  a.; 
STANYUKOV I CH>  K»  p, 

LOCATION:  INST.  FI2.  MEKH.  GORN.  POROD.  FRUNZE*  USSR 
SECTION:  CA050004  PUBL  CLASS:  JOURNAL 

JOURNAL:  DOKL.  AKAD.  NAUK  SSSR  CODEN:  DANKAS  PUBL:  79  SERIES: 
£49  ISSUE:  1  PAGES:  97-100  CPHYS.J  LANGUAGE:  RUSS 
IDENTIFIERS:  BLASTING  EXPLOSIVE  STRIPPING  POWER 


CA092221831002 

DESCRIPTORS:  BLASTING?  DETONATION 

IDENTIFIERS:  DETN  STRIPPING  POWER  EXPLOSION  EXPLOSIVES 
CAS  REGISTRY  NUMBERS:  73-11-5  73412-41-6 


£2/'5/'14 

9S1658Z3  CA0922 01 658732 

DETONATION  INITIATION  BEHAVIOR  OF  SOME  HMX^AP^Al  PROPELLANTS 
AUTHOR:  DICK*  -J.  -J. 

LOCATION:  LOS  ALAMOS  SCI.  LAB. *  UNIV.  CALIFORNIA*  LOS  ALAMOS*  NM» 

USA 

SECTION:  CA050002  PUBL  CLASS:  JOURNAL 

JOURNAL:  COMBUST.  FLAME  CODEN:  CBFMAO  PUBL:  80  SERIES: 
ISSUED  1  PAGES *  Q5—9 

* IDENTIFIERS*  HMX  PROPELLANT  DETONATION  INITIATION 


x 

87545* 


37 


A 


CA 092201658732 

DESCRIPTORS:  DETONATION? PROPELLANTS 

IDENTIFIERS:  DETN  INITIATION  RELATION  CONCN  REACTIONS  HMX  COMPOUNDS  CONTG 
ALUMINUM  AMMONIUM  PERCHLORATE 

CAS  REGISTRY  NUMBERS:  2691-41-0  7429-90-5  7790-98-9 

V/Hy 

22^5/- 15 

92149469  CA09218149469S 

DETERMINATION  METHOD  OF  THE  POWER  OF  DETONATOR  FUSES 
AUTHOR:  PRIOR*  J. 

LOCATION:  DYNAMIT  NOBEL  A. -6.*  TROISDQRF*  FED.  REP.  SER. 

SECTION:  CA 050003  PUBL  CLASS:  JOURNAL 

JOURNAL!  EXPLOSIFS  CODENi  EXPLA9  PUBL!  78  SERIES:  31 
PAGES:  46-58  LANGUAGE:  FR 
IDENTIFIERS:  DETONATOR  PRIMER  ENERGY  DETN 


X 


ISSUE:  2 


CA 092181 49469S 

DESCR 1 PTORS :  DETONATORS  ?  PR I MERS  >  EXPLOS I VE 
IDENTIFIERS!  CONTG  DETN  DETONATION  ENERGY 
CAS  REGISTRY  NUMBERS:  73-11-5 
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9212705?  CA09215127057D 

DETERMINATION  OF  DAMINOZIDE  RESIDUES  ON  FOODS  AND  ITS  DEGRADATION  TO 
1* 1-DIMETHYLHYDRAZINE  BY  COOKING 
AUTHOR:  NEWSOME *  WILLIAM  H. 

LOCATION:  FOOD  RES.  DIV.*  DEP.  NATL.  HEALTH  WELFARE*  OTTAWA*  ON*  K1A  0L£> 
CAN. 

SECTION:  CAO 17002*  CA005XXX  PUBL  CLASS:  JOURNAL 

JOURNAL:  J.  AGRIC.  FOOD  CHEM.  CODEN:  JAFCAU  PUBL:  30  SERIES:  £8 
ISSUE:  2  PAGES:  319-21 

IDENTIFIERS:  DAMIN02IDE  GAS  CHROMATOG*  APPLE  DAMIN02IDE  DETN*  COOKING 

APPLE  DAMINQ2IDE*  HYDRAZINE  APPLE  DAMIN02IDE 


CA092 1 5 1 27 057D 

DESCRIPTORS:  APPLE* COOKING j  GRAPE 5  PEACH! PLUM* TOMATO 

IDENTIFIERS:  FORMATION  DAMIN02IDE  HYDRA2IDES  DETN  FOOD  GAS  CHROMATOG 
APPLES  DECOMPN  D I METHYLHY  DRAZ I NE 

CAS  REGISTRY  NUMBERS:  57-14-7  1596-84-5 

22/5/17 

92031488  CA 092 100814880 

ELECTROCHEMICAL  DETERMINATION  OF  HYDRAZINE  AND  METHYL-  AND 
1, 1-DIMETHYLHYDRAZINE  IN  AIR 

AUTHOR:  STETTER*  J.  R.;  TELL£FSEN*  K.  A. i  SAUNDERS*  R.  A.;  DECORPO*  J.  J. 
LOCATION:  ENERGETICS  SCI.  DIV.»  BECTON  DICKINSON  AND  CO.*  ELMSFORD*  NY, 
10523,  USA 

SECTION:  CA059002,  CA072XXX,  CA079XXX*  CA080XXX  PUBL  CLASS:  JOURNAL 
JOURNAL:  TALANTA  CODEN:  TLNTA2  PUBL:  79  SERIES:  26  ISSUE:  9 
PAGES:  799-804 

IDENTIFIERS:  HYDRAZINE  DETN  AIR  ELECTROCHEM  CELL*  METH YLHYDRAZ I NE  DETN 
AIR  ELECTROCHEM  CEI-L 


CA09210081488Q 

DESCRIPTORS:  AIR  ANALYSIS! ELECTROLYTIC  CELLS 

IDENTIFIERS:  DETN  ELECTROCHEM  HYDRAZINE  METH YLHYDRAZ I NE  HYDRAZINES 
CAS  REGISTRY  NUMBERS:  57-14-7  60-34-4  302-01-2  . 

rujH^v. 
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92025169  CA092 040251 69Z 

HIGH-RESOLUTION  FOURIER  TRANSFORM  INFRARED  SPECTROSCOPY  FOR  THE 
INVESTIGATION  OF  DECOMPOSITION  GASES  GENERATED  BY  AGING  ORGANIC  MATERIALS 
AUTHOR:  HAALAND*  D.  M. !  RIVORD*  G.  E. 

LOCATION:  SANDIA  LAB.*  ALBUQUERQUE*  NM>  USA 
SECTION:  CA050003  PUBL  CLASS*  TECH  REP 

JOURNAL:  REPORT  CODEN*  D3REP3  PUBL*  79  ISSUE*  SAND-79-0935C, 
CONF-79 0632-6 *  PAGES*  6  PP. 

CITATION*  ENERGY  RES.  ABSTR.  1979*  4C17>,  ABSTR.  NO.  45310 
AVA I L  *  NT I S 

IDENTIFIERS*  AGING  EXPLOSIVE  LONG  TERM,  PETN  LONG  TERM  AGING*  HNS  LONG 
TERM  AGING 


X 


CA09204025169Z 

DESCRIPTORS*  EXPLOSIVES! INFRARED  SPECTRA, FOUR I ER-TRANSFORM 
.  IDENTIFIERS*  -A6ING-  DECOMPN  GAS  PRODUCT  DETN  LONG  TERM  FOURIER  IR 
SPECTROSCOPY  ANALYSIS  PROPELLANTS  TRANSFER  GASES 

CAS  REGISTRY  NUMBERS*  7S-t  i.-ST  124-38-9  630-08-0  7727-37-9  7732-18-5 

10024-97-2  10102-43-9  10102-44-0  20062-22-0 
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36026591  CA03605026591U 

THE  EVACUATION  OF  THE  TOXIC  EFFECTS  OF  CHEMICALS  IN  FRESH  WATER  BY  USING 
FROG  EMBRYOS  AND  LARVAE 
AUTHOR*  GREENHOUSE*  GERALD 
LOCATION*  DE 
?  T5/5/1-5 
VS'l 

91091604  CA09111091604T 

3*  6-8 I S-SUSSTI TUTED  S-TETRAZINES 

AUTHOR*  6UITHER*  WILLIAM  D. 1  COBURN*  MICHAEL  D. 5  CASTLE*  RAYMOND  N. 
LOCATION*  UN1V.  WISCONSIN*  MENASHA*  WI*  54952*  USA 
SECTION*  CA 028 022  PUBL  CLASS*  JOURNAL  - 

JOURNAL*  HETEROCYCLES  CODEN*  HTCYAM  PUBL*  79  SERIES*  12 
ISSUE*  6  PA6ES*  745—9 

IDENTIFIERS*  TETRAZINE  DIPHENYL*  BENZONITRILE  C YCLOCONDENS AT ION  HYDRAZINE 
.  THIOSEMICARBAZIDE  PHENYL  CYCLOCONDENSATIOM*  ANILINOTETRAZINE* 
PHENYLFORMIMIDATE  CYCLQCQNDENSAT ION*  AM I NQTETRAZ I NE  P1CRYL 

CA 091 1 1 091 604T 

DESCRIPTORS*  CYCLOCONDENSAT I ON  REACTION 

IDENTIFIERS*  REACTIONS  THIOSEMICARBAZIDE  METHYLATION  PHENYLFORMIMINO 
HYDRAZIDE  HYDRAZINE  TETRAZINE  BENZONITRILES  TETRAZINES  D I AM I NQTETRAZ I NE 
□XI MAT I ON  DEHYDRATION  REDN  PREPN  NITRATION  OXIDATIVE  DERIV  ACETYLATION 
PICRYL  CHLORIDE 
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14141-66— 3P  1961 7-90— 4P  35600-34-iP  37841-25-IP  37932-43-7P  57508-53-9 
59995-93-6P  71123-38-1P  71123-39-2P  71123-40-5P  71123-41-6P  71123-42-7P 
71 123-43-8P  71 123-44— 9P  71123-45-OP  7U23-46-1P  7U23-47-2P  7U23-48-3P 

VS/'B  ' 

91059620  CA 09 108 05962 OJ 

THE  RELATIONSHIP  OF  IMPACT  SENSITIVITY  WITH  STRUCTURE  OF  ORGANIC  HIGH 
EXPLOSIVES.  II.  POLYNITROAROMATIC  EXPLOSIVES 
AUTHOR*  KAMLET*  M.  J. ?  ADOLPH*  H.  G. 

LOCATION*  WHITE  OAK  LAB.*  NAV.  SURF.  WEAPONS  CENT.*  SILVER  SPRING*  MD* 
20910*  USA 

SECTION*  CA050003  PUBL  CLASS*  JOURNAL 
fcsJGURNAL*  PROPELLANTS  EXPLOS.  CODEN*  PREXD4  PUBL*  79  SERIES*  4 
ISSUE*  2  PAGES*  30-4 

IDENTIFIERS*  NITROAROM  EXPLOSIVE  IMPACT  SENSITIVITY  STRUCTURE 
CA 091 08 059620 J 

'  DESCRIPTORS*  EXPLOSIVES? MOLECULAR  STRUCTURE-PROPERTY  RELATIONSHIP 
IDENTIFIERS*  EXPLOSION  IMPACT  SENSITIVITY  POL YN I TROARQH  COMPOS 
<  CAS  REGISTRY  NUMBERS*  32-71-3  33-39-1  99-35-4  118-96-7P  129-66-8  131-73-7 
489-98-5  519-44-3  602-99-3  606-34-8  606-35-9  616-74-0  860-83-3  1150-40-9 

1630-08-6  3698-54-2  4323-17-0  4433-16-3  5130-53-0  6093-29-4  6538-39-2 

141 84-98-6  14135-44-5  14135-47-8  17215-44-0  21985-87-5  22167-47-1 

24577-68-2  -  37841-2-5-1  -42449-44-5  .60762-70-1  70862-23-6.  70862-24-7 

70862-25-8  70862-26-9  70862-27-0  70862-28-1  70862-29-2 
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38030419  CA08807050419F 

HeTEROCYCLES  IN  ORGANIC  SYNTHESIS.  VIII.  SODIUM  4.6-DIPHENYL-1-0XID0-2- 
-PYRIDONE*  REAGENT  FOR  THE  CONVERSION  OF  PRIMARY  HALIDES  INTO  ALDEHYDES 
AUTHOR!  COOK*  MICHAEL  J.J  KATRITZKY,  ALAN  R. J  MILLET.  GEORGE  H. 

LOCATION!  SCH.  CHEM.  SCI..  UNIV.  EAST  ANGLIA.  NORWICH.  ENGL.  / 

SECTION!  CA025013.  CA027XXX.  CA023XXX  PUBL  CLASS!  JOURNAL 

JOURNAL!  HETEROCYCLES  CODENi  HTCYAM  PUBL!  77  SERIES!  7  ISSUE! 

1  PAGES !  227—30 

IDENTIFIERS!  ALDEHYDE  AROM  ALIPH.  ALKOXYPYR I DONE  PREPN  DECOMPN. 

HYDROXYPYR I DONE  ALKYLATION.  PYRIDONE  ALKOXY  DECOMPN 

CA08807030419F 

DESCRIPTORS!  ALDEHYDES. PREPARATION 

IDENTIFIERS!  REACTION  HYDROXYPYR I DONE  SODIUM  SALT  PREPN  PRIMARY  HALIDES 
REACTIONS  ALKYL  THERMOLYSIS 

CAS  REGISTRY  NUMBERS!  89-98-3P  100-11-8  100-39-0  100-32-7P  106-93-6 

111-71— 7P  123-72-8P  135-02-4P  591-97-9  60$-34-8E_  611-19-8  629-04-9 

4170— 30— 3P  7176-28-3  7468-67-9P  22113-41-9  24964-64-3P  26478-91-1 
26602-89-1  28188-41-2  32289-93-7  6321S-74-8P  632 13- 73- 9P  63218-76-OP 
63218— 77-IP  63218-78-2P  63213-79-3P  65218-80-6P  632 18-81 -TP  63218-82-8P 

63218— 83-9P  632 18-84- OP  6321'8-35-IP  1 07-02-8P  333-16-8P 
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92093998  CA09211093998U  . 

..HETEROCYCLES  IN  ORGANIC  SYNTHESIS.  PART  25.  REA6ENTS  FOR  THE  CONVERSION 
OF  HALIDES  INTO  ALDEHYDES  AND  KETONES 

AUTHOR!  KATRIT2XY,  ALAN  R.  J  COOK.  MICHAEL  J.  1  BROWN,  S.  BRUCE!  CRUZ. 
RAYMUNDOJ  MILLET,  GEORGE  H. !  ANANI,  ALI  - 

LOCATION!  SCH.  CHEM.  SCI.,  UNIV.  EAST  ANGi.7fn-  NORWICH.,  NR4  7TJ,  ENGL. 
SECTION!  CA 023015,  CA023XXX,  CA027XXX,  CA028XXX  PUBL  CLASS!  JOURNAL 
JOURNAL!  J.  CHEM.  SOC. ,  PERKIN  TRANS.  1  CODENi  JCPRB4-  PUBL!  79 
ISSUE!  10  PA6ESI  2493-9 

IDENTIFIERS!  PYRIDINONE  BENZYLOXY  CONVERSION  BENZALDEHYDE.  BENZALDEHYDE. 
ALKANAL,  QUINAZQLINONE  BENZYLOXY  CONVERSION  BENZALDEHYDE 

CA0921 1 093996U 

DESCRIPTORS!  ALDEHYDES, PREPARATION! ALKYL.  HALIDESI ARALKYL  BROMIDES! ARALKYL 
CHLORIDES! KETONES. PREPARATION 

IDENTIFIERS!  PREPN  N  ISOPROPOXYPYRIDONE  QUINAZQLINONE  INTERMEDIATES  0 
ALKYLATION  HYDROXYPYR I DONE  HYDROXYQU I NAZOL I NONE  DERIVS  BENZYLOXYPYR I DONE 
REACTIONS  ALKENYLAT I ON  ALL YLOXYPYR I DONE  BENZHYDRYLOXYPYRIDONE  HYDROXYLATION 
REACTION  SODIUM  BENZYL  THERMOLYSIS  PHOTOLYSIS  CONVERSION  VIA  ALKOXYPYR I DONE 
AR ALKOXYPYR I DONE 

CAS  REGISTRY  NUMBERS!  67-64- IP  73-26-3  89-98-3P  98-86-8P  99-G1-6P 

100-11-8  100-39-0  1 00-32- TP  103-63-9  104-82-3  104-83-6  104-87-0P  104- 88- IP 
1 03-07-7P  106-93-6  107-02-8P  109-63-9  111-71-7P  U9-61-9P  1 22-78-1 P 

123-72-8P  124-13-OP  .133-02-4P  333-16-8P  383-71-7  591-97-9  606-34-8P 

611-19-8  629-04-9  629-27-6  776-74-9  1212-07-3  3958-37-4  41 70- 30- 3P 

3162-44-7  3319-72-2  7176-28-3  7319-38-2P' 7468-67-9P  17201-43-3  22113-41-9 

24964-64-3P  26478-91-1  28188-41-2  32289-93-7  63218-74-8P  63218-73-9P 

63218-76-OP  63218-77-IP  63218-78-2P  63218-79-3P  63218-80-6P  63218-81-7P 

63218-82-8P  63218-83-9P  63218-84-OP  63218-83-IP  67927-04-2P  67927-03-3P 

67927-06-4P  67927-07-3P  67927-08-6P  67927-09-7P  67927-1 O-OP  72138-33-IP 

721 38 - 3 6- 2 P  72138-37-3P  72803-13-IP  72803-14-2P  72805-15-3P  728 03-1 6-4 P 

728 03- 17- 3P-  72803- 18-6P  728U3-T9-7P  723 03-2 O-OP  72803-21-IP  72803-28-2P 

72803-23-3P  72803-24-4P  72803-23-3P  72805-26-6P  72803 -27-7P  72805-28-8P 

72812-98-7P  72812-99-8P 
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USE  OF  MICELLAR  SYSTEMS  IN  ANALYTICAL  CHEMISTRY  -  THEIR  APPLICATION  TO 
THE  SPECTRQPHOTOMETR I C  DETERMINATION  OF  SULFITE  ION  WITH  ACTIVATED  AROMATIC 
COMPOUNDS 

AUTHOR:  hINZE.  WILLIE  L. 

LOCATION:  CHEM.  DEP.»  WAKE  FOREST  UNIV.»  WINSTON-SALEM.  N.  C.  / 

SECTION:  CA079006  PUBL  CLASS:  CONF  PROC 

JOURNAL:  COLLOID  INTERFACE  SCI..  <PR0C.  INT.  CQNF.>.  30TH  CODEN: 
3SYRAB  PUBL:  76  SERIES:  S.  PAGES:  423-36 
PUBLISHER:  ACADEMIC  ADDRESS:  NEW  YORK.  N.  Y 
AVAIL:  KERKER.  MILTON 

IDENTIFIERS:  SULFITE  DETN  PHOTOMETRY.  NITRQARQM  REAGENT  SULFITE  DETN. 

AROM  NITRO  REAGENT  SULFITE  DETN.  MICELLE  MEDIUM  SULFITE  DETN.  NITROBENZENE 
REAGENT  SULFITE  DETN.  N I TROBENZ ALDEHYDE  REAGENT  SULFITE  DETN. 
NITRONAPHTHALENE  REAGENT  SULFITE  DETN 

CA08720161 143N 

DESCRIPTORS:  SULFITES! MICELLES: SURFACTANTS. CATIONIC 

IDENTIFIERS:  DETN  SPECTROPHOTOMETRY  SPECTRUM  SPECTROPHOTOMETRIC 

POL YN I TRQAROM  COMPDS 

CAS  REGISTRY  NUMBERS:  39-35-4  606-34-8.606-37-1  28995-89-3  29333-21-5 

64383-47-3  64426-30-2  64426-51-3  37-09-0 

S'SsS 

86003293  CA08601 005295K  ,  . 

REDUCTION  OF  2 . 4 . 6-TR I N I TR0BEN2ALDEH YDE  BY  SODIUM  BQROHYDRIDE  X 

AUTHOR:  SOKOLOVA.  V.  A. i  BOLDYREV.  M.  D. 5  GUDASPOV.  B.  V.  r  \ 

LOCATION:  LENINGR.  TEKHNOL.  INST..  LENINGRAD.  USSR 
SECTION:  CA027022.  CA024XXX  PUBL  CLASS:  JOURNAL 

JOURNAL:  ZH.  ORG.  KHIM.  CODEN:  ZORKAE  PUBL:  76  SERIES:  12 
ISSUE:  7  PAGES:  1323-7  _ LANGUAGE:  RUSS 

IDENTIFIERS:  redn  trinitrobenzaldehyde.  benzaldehyde  trinitro  redn. 

HEXANEMETHANOL  TRtNITRQ.  AZAADAMANTANE  METHANOL  TRINITRO 

CA 08601 003295K 

DESCRIPTORS:  REDUCTION 

IDENTIFIERS:  REDN  SODIUM  BOROHYDRIDE  DTO  TRINITROBENZALDEHYDE  REACTIONS 

DIFLUOROSTYRENE  CHAIN  LENGTHENING  D I FLUQROSTRYLL I TH I UMS 

CAS  _PE6ISTRY  NUMBERS:  .  606-34-8  6U03-61-3P  61103-62-6P  611 03-63-7 

611 03-64-8P  16940-66=2  109-72-8  127-18-4  116-13-4 
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1 . 0  INTRODUCTION 

This  doc unent  describes  the  quality  control  procedures  to  be  used  for 
the  methods  development  and  analysis  efforts  required  in  this  project. 
The  plan  described  in  the  following  six  sections  complies  with  the 
U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA)  Quality 
Assurance  (QA)  Program  and  with  Environmental  Science  and  Engineering, 
Inc.  (ESE)  policy.  ESE  supports  an  active,  comprehensive  QA  program 
within  its  Technical  Operations  Division,  triiich  is  described  in  the 
Division's  Operations  Manual.  A  major  focus  of  the  ESE  QA  program  is 
the  development  of  a  project  Quality  Assurance/Quality  Control  (QA/QC) 
plan  describing  the  specific  application  of  ESE  procedures  to  control 
and  monitor  any  project. 

The  specific  objectives  of  this  plan  are  to  describe  in  detail  the 
process  for  controlling  the  validity  of  the  data  generated  for  documen¬ 
tation  of  the  analytical  methods  developed.  The  Project  QA  Plan 
provides  a  mechanism  for  documentation  of  the  limits  of  precision, 
accuracy,  And  sensitivity  of  all  analytical  systems  generating  data. 

The  prospective  analytical  approach  for  each  analyte  will  be  described 
in  the  proposed  method  reports  which  will  be  submitted  for  approval  as 
required  by  USATHAMA.  The  analytical  systems  controls  and  data 
validation  procedures  described  in  this  Quality  Control  Plan  will  be 
employed  to  ensure  valid,  properly  formatted  data  defining  the 
precision,  accuracy,  and  sensitivity  of  each  method.  Reports  will  also 
be  submitted  to  USATHAMA  documenting  the  methods  in  both  natural  and 
standard  media. 
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2.0  ORGANIZATION  AND  RESPONSIBILITIES  FOR  QUALITY  ASSURANCE 

The  Quality  Control  Plan  functions  according  to  the  USATHAMA  central- 
laboratory/  field-laboratory  concept.  ESE  acts  as  the  field  laboratory 
which  is  monitored  by  the  USATHAMA  Central  Laboratory  QA  Coordinator. 

The  overall  QA/QC  organization  to  provide  valid  analytical  methods  to 
the  commander  of  USATHAMA  is  shown  in  Figure  2-1.  The  function  of  the 
plan  and  QA  responsibilities  of  each  of  the  project  participants  are 
outlined  in  the  following  subsections. 

2.1  OVERALL  PLAN  FUNCTION 

Figure  2-1  depicts  the  aunner  in  which  the  ESE  Project  Quality 
Assurance/Quality  Control  (QA/QC)  Supervisor  monitors  the  conduct  of  the 
project.  In  this  position,  the  QA/QC  Supervisor  is  not  directly 
subordinate  to  anyone  responsible  for  analytical  methods  development; 
the  supervisor  reports  to  the  ESE  Project  Manager  and  the  USATHAMA 
Central  Laboratory  QA  Coordinator.  The  specific  responsibilities  of  the 
QA/QC  Supervisor  are  detailed  in  Paragraph  2.2.2. 

The  analyst,  under  the  supervision  of  the  Analytical  Team  Leader, 
performs  the  analyses  associated  with  methods  developsMnt  and  submits 
the  results  to  the  Analytical  Team  Leader  for  approval.  The  Analytical 
Team  Leader  writes  the  methods  development  reports  in  approved  USATHAMA 
format.  The  Analytical  Team  Leader  also  writes  the  Proposed  Method 
Development  Plan  in  the  USATHAMA  format  prior  to  the  beginning  of  work 
on  a  method.  The  Method  Development  Plan  will  be  submitted  to  USATHAMA 
for  approval  before  work  begins. 
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The  personnel  having  a  direct  role  in  project  QA/QC  are  the  ESE  Project 
QA/QC  Supervisor,  the  USATHAMA  Central  Laboratory  QA  Coordinator,  the 
ESE  Project  Manager,  the  ESE  Analytical  Teas  Leader,  and  the  analysts. 

2.2  QA/QC  RESPONSIBILITIES 

2.2.1  USATHAMA  CENTRAL  LABORATORY  QA  COORDINATOR 

The  Central  Laboratory  of  USATHAMA  is  responsible  to  the  Commander  of 
the  Agency  for  the  quality  of  data  collected  in  support  of  its  programs. 
The  USATHAMA  Central  Laboratory  QA  Coordinator,  therefore,  has  the 
following  responsibilities  in  fulfilling  this  objective: 

1.  To  provide  technical  evaluation  of  field  laboratory  QA/QC 
procedures; 

2.  To  provide  Standard  Analytical  Reference  Materials  (SARMS)  with 
supporting  documentation  to  field  laboratories; 

3.  To  provide  QA  training  as  required; 

4.  To  provide  technical  evaluation  of  field  laboratory  methods 
development  documentation; 

5.  To  notify  the  USATHAMA  Project  Officer,  ESE  Project  Director, 
ESE  Project  Manager,  and  ESE  QA/QC  Supervisor  when  a  situation 
exists  which  precludes  statistical  control  of  results;  and 

t.  To  provide  continuous  review  of  the  implementation  of  the  field 
laboratory  QA/QC  plan  and  report  the  findings  to  the  USATHAMA 
Project  Officer. 

2.2.2  ESE  PROJECT  QA/QC  SUPERVISOR 

The  ESE  Project  QA/QC  Supervisor  is  responsible  to  the  ESE  Project 
Manager  and  the  USATHAMA  Central  Laboratory  QA  Coordinator  to  monitor 
the  quality  of  all  data  reported  to  USATHAMA  in  the  method  report  and 
documentation.  The  supervisor's  specific  responsibilities  are: 

1.  To  provide  an  independent  overview  of  the  QC  practices  of  the 
project  tema  from  beginning  of  the  project  through  acceptance 
of  the  final  report; 
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2.  To  ensure  that  the  teas  completes  all  QC  requirements  of  the 
project  plan; 

3.  To  approve  each  method  report  in  the  USATHAMA  format,  and  to 
ensure  that  the  documentation  data  are  correct; 

4.  To  audit  data  files  for  correct  entry  of  all  data; 

5.  To  assure  the  availability  of  SARMS  or,  where  unavailable,  to 
approve  the  use  of  interim  reference  materials; 

6.  To  arrange  for  and  report  on  purity  analyses  and  stability 
checks  on  interim  reference  materials; 

7.  To  assure  the  delivery  of  interim  reference  materials  to  the 
Central  QC  Laboratory; 

8.  To  establish  and  maintain  liaison  between  the  ESG  Project  Team 
and  the  USATHAMA  Central  QA  Coordinator;  and 

9.  To  maintain  a  vigil  of  the  entire  laboratory  in  order  to  detect 
conditions  which  might  jeopardize  control  of  the  various 
analytical  systan*. 

2  SSE  PROJECT  MANAGER 

’he  ®!SP  Project  Manager  is  responsible  for  effective  day-to-day 
aM'vgantt  of  the  total  project  staff,  as  well  as  direct  communication 
and  liaison  with  the  USATHAMA  Project  Officer.  The  Project  Manager's 
responsibility  specific  to  QA/QC  is  to  approve  all  QA/QC  procedures  to 
be  used  in  the  conduct  of  the  project,  to  provide  additional  authority 
when  required  to  support  the  ESE  Project  QA/QC  Supervisor,  and  to 
approve  of  any  revisions  to  the  project  QC  plan. 

The  Project  Manager  is  responsible  for  effective  day-to-day  coordination 
of  all  USATHAMA  activity,  guidance  and  technical  support  in  resolution 
of  QC  problems,  and  support  of  QA/QC  preparation  of  unknown  reference 
samples.  This  manager  also  provides  additional  authority,  when  needed, 
to  support  the  QA/QC  Supervisor  in  analytical  matters. 
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2.2.4  ESE  ANALYTICAL  LEADER 

The  ESE  Analytical  Leader  is  responsible  for  provision  of  accurate 
laboratory  data  produced  by  analysts  under  his  supervision.  He  is 
responsible  to  the  ESE  Project  QA/QC  Supervisor  to  ensure  that  all 
quality  control  procedures  are  followed  and  documentation  provided.  The 
QA  role  of  the  Analytical  Leader  is,  therefore,  to  assist  the  QA 
supervisor  in  enforcing  QA/QC  procedures. 

2.2.5  ESE  ANALYSTS  AND  SAMPLING  PERSONNEL 

The  following  sections  describe  the  QA/QC  procedures  required  to  define 
and  document  the  validity  of  data  forthcoming  from  the  conduct  of  this 
project.  It  is  the  responsibility  of  the  analysts  to  perform  the 
required  QA/QC  procedures  and  to  document  all  observations  in  logbooks 
in  permanent  ink.  It  is  also  the  responsibility  of  the  analyst  to 
perform  preliminary  QC  checks  to  ensure  that  each  batch  of  data  being 
generated  meets  all  analytical  systems  criteria.  The  analyst  must  also 
bring  any  unusual  observation  or  analytical  problem  to  the  immediate 
attention  of  his/her  Analytical  Leader  or  the  ESE  Project  QA/QC 
Supervisor. 

Each  analyst  is  responsible  for  ensuring  that  sufficient  quantities  of 
reagents  of  adequate  quality  are  available  for  the  performance  of  the 
required  analyses. 
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3.0  DOCUMENT  CONTROL  AND  REVISIONS 


3.1  RATIONALE 

The  Project  Quality  Assurance  Plan  includes  a  system  for  documenting  and 
updating  all  sampling,  analytical,  and  data  handling  procedures  used  by 
ESE  for  this  project.  This  system  uses  a  standardized  indexing  format 
and  provides  for  easy  replacement  of  pages,  if  techniques  and  procedures 
are  changed. 

3.2  STANDARD  OPERATING  PROCEDURES 

The  standardized  indexing  format  includes,  at  the  top  of  each  page,  the 
following  information: 

1.  Section  Number, 

2.  Revision  Number,  and 

3.  Date  of  Revision. 

Section  numbers  within  a  document  are  in  numerical  order.  Revision 
number  represents  the  most  current  version  of  a  section,  with  the 
original  version  listed  as  "0".  The  date  represents  the  date  of  the 
latest  version.  The  text  of  each  major  section  begins  on  a  new  page. 

If  revisions  to  a  section  involve  expansion  which  adds  pages,  the 
additional  pages  will  be  numbered  la,  lb,  lc,  etc.  For  example,  if 
Page  A  were  revised  and  expanded  to  include  an  extra  paragraph,  the 
overflow  would  appear  on  a  page  designated  4a.  The  original  Page  4 
would  then  be  removed  from  the  manual  and  replaced  by  revised  Page  4  and 
Page  4a.  This  system  allows  expansion  within  a  section  without 
renumbering  the  entire  document. 

The  Table  of  Contents  follows  the  sase  structure  as  the  text  and 
contains  a  space  for  "Revision."  When  a  revision  to  the  text  is  made, 
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the  Table  of  Contents  page  is  updated  by  retyping,  or  by  striking  out 
the  old  revision  number  and  printing  in  the  current  revision  number. 

Proposed  revisions  will  be  reviewed  by  the  Project  QA./QC  Supervisor, 

Project  Manager,  and  Project  Director  and  then  sent  to  the  USATHAMA 
Central  QA  Laboratory  Coordinator  and  USATHAMA  Project  Officer  for  final 
approval.  I- 

L 

L 
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4.0  ANALYST  TRAINING  AND  CERTIFICATION 


4.1  RATIONALE 

Accurate  and  precise  analyses  can  be  conducted  only  by  well-trained 
analysts  who  correctly  operate  instruments ,  thoroughly  understand 
analytical  methods,  use  good  analytical  technique,  and  understand  and 
practice  necessary  QC  procedures.  While  the  necessary  training  may 
initially  be  obtained  from  education,  experience,  or  on-the-job 
training,  it  is  imperative  that  the  analyst's  capabilities  be  verified 
prior  to  conducting  analyses  and  reviewed  periodically  thereafter. 

4.2  STANDARD  OPERATING  PROCEDORES 

The  QA/QC  Supervisor  will  provide  "test"  samples  and  assist  ESE 
Technical  Operations  Management  when  possible  in  the  training  of  samp¬ 
ling  team  members  and  snalysts ;  however,  such  training  is  the  ultimate 
responsibility  of  ESE  Technical  Operations  Management . 

Direct  responsibility  for  analytical  training  rests  with  the  ESE 
administrative  management  level  of  Group  Leader. 

Each  analyst  will  be  reviewed  by  his/her  Group  Leader  to  ensure: 

1.  Working  knowledge  of  QC  policies, 

2.  Preparation  of  standards  and  spikes, 

3.  Acceptable  analysis  of  reference  samples, 

4.  Acceptable  analysis  of  replicates  and  spikes, 

5*  Detection  limit  and  standard  calibration  requirements,  and 
6.  Knowledge  of  preventive  maintenance  techniques. 

This  evaluation  must  be  done  for  every  analysis  the  analyst  performs  on 
this  project. 
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A  list  of  qualified  personnel  for  each  sampling  and  analytical  task  will 
be  provided  by  the  appropriate  Group  Leaders  to  the  ESE  QA/QC 
Supervisor. 

The  QA/QC  Supervisor  will  keep  a  logbook  arranged  by  type  of  analysis 
(e.g.t  Autoanalyzer,  atomic  absorption,  gas  chromatography,  GC/MS, 
etc.).  Analysts'  names  will  be  entered  under  the  qualified  headings 
with  the  Group  Leader's  initials  and  date  certified  (Figure  4-1).  At 
annual  intervals,  each  Group  Leader  will  review  the  capabilities  of  each 
analyst  and  recommend  whether  certification  should  be  continued. 

u 

4.3  PERFORMANCE  AUDIT 

During  the  conduct  of  this  project,  the  QA/QC  Supervisor  will  inspect 
the  laboratory  occasionally  to  determine  if  analyses  are  being  performed 
only  by  certified  analysts.  Data  reports  require  the  nmse  of  the 
analyst  on  the  report  sheet.  Reruns  of  samples  may  be  required  if 
certified  analysts  did  not  perform  the  analysis. 

4.4  ANALYST  CERTIFICATION  PROCEDURES 

The  confidence  in  any  analytical  method  is  limited  if  the  analyst  has 
not  demonstrated  skill  in  performing  the  analysis.  Analysts  will, 
therefore,  not  only  be  trained  in  QC  techniques,  but  also  be  required  to 
qualify  to  run  analyses.  The  qualification  test  results  for  certifying 
analysts  must  be  statistically  valid  and  must  include  evaluation  of 
precision  and  accuracy. 

Analysts  will  demonstrate  their  proficiency  in  conducting  cheeical 
analyses  by  analyzing  spiked  standard  saples  using  approved  analytical 
methods.  Proficiency  will  be  demonstrated  for  each  analyte  to  be 
analyzed  by  the  analyst  prior  to  conducting  analyses  of  natural  samples. 

For  any  analytical  method,  analysts  or  an  analytical  tea  consisting  of 
specific  individuals  will  be  considered  to  be  certified  to  run  a  par¬ 
ticular  analysis  if  they  have  been  involved  in  developing  the  precision 


10 


1 


11 


AMD. 1/QC4.3 


Section  Number  4 
Revision  Number  0 
Dat-'~  'f  Revision  2/26/81 


end  accuracy  data  needed  for  method  documentation.  The  precision  and 
accuracy  data  generated  during  method  documentation  must  be  acceptable 
to  the  Analytical  Tean  Leader  and  the  QA/QC  Supervisor. 

The  analytical  tean  responsible  for  gas  chromatographic  (GC)  and  high- 
performance  liquid  chromatographic  (HPLC)  analyses  will  usually  consist 
of  a  technician  performing  the  sample  work-up  and  extraction  and  a 
chemist  performing  the  subsequent  instrumental  analysis  of  the  extract. 
Should  this  team  fail  to  pass  the  required  QC  tests  of  precision  and 
accuracy  for  a  certain  batch  of  samples,  corrective  action  will  require 
the  investigation  of  the  instrumental  analysis  separate  from  the 
extraction.  The  chemist  performing  the  instrumental  analysis  is 
considered  certified  if  he/ she  meets  the  instrumental  calibration  QC 
criteria.  The  extraction  procedure  will  then  be  identified  as  out  of 
control.  The  extraction  technician  can  gain  recertification  by 
repeating  the  extraction  in  question  and  meeting  the  QC  criteria.  If 
the  analyst  fails  to  produce  acceptable  results,  analysis  is  stopped 
until  the  reason  for  failure  is  identified  and  corrected. 
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5.0  LABORATORY  AND  METHOD  CERTIFICATION 


5. 1  RATIONALE 

Each  new  method  developed  requires  documentation  including  precision  and 
accuracy  data.  A  specified  detection  limit  must  be  achievable  for  a 
particular  analyte.  This  detection  limit  must  be  statistically 
meaningful  and  consistently  obtainable.  This  section  outlines  the 
testing  procedures  uhich  will  be  used  to  define  the  detection  limit, 
precision,  and  accuracy  of  each  analytical  method,  according  to 
standardized  criteria. 

5.2  METHOD  CERTIFICATION 

The  following  paragraphs  describe  the  procedures  to  be  used  to  certify 
analytical  methods.  All  methods  certification  and  documentation  data 
will  be  developed  initially  in  standard  matrices  and  subsequently 
in  natural  samples. 

The  standard  matrix  for  doc«aentation  of  organic  analysis  will  be 
deionized,  organic-free  (ASTM  Type  IV)  water  containing  100  milligrams 
per  liter  (mg/L)  each  of  sulfate  and  chloride  prepared  as  follows: 

1.  Add  1.48  grams  (g)  of  dried  reagent-grade  anhydrous  sodium 
sulfate  to  a  1-liter  (L)  voliaetric  flask  and  dilute  to  volume; 

2.  Add  1.65  g  of  dried  reagent  grade  sodium  chloride  to  a  1-L 
voltaetric  flask  and  dilute  to  voltaae;  and 

3.  Transfer  100  milliliters  (ml)  of  each  (1  and  2)  to  a  1-L  flask 
and  dilute  to  volume. 

The  resulting  solution  contains  100  mg/L  each  of  chloride  and  sulfate 
ions.  This  water  will  be  used  for  blanks  or  will  be  spiked  with  the 
compound(s)  of  interest  prior  to  processing  through  the  complete 
analytical  protocol. 
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The  natural  water  saaple  used  in  aethod  documentation  can  be  any 
uncontaainated  natural  water  saaple,  preferably  a  surface  water  or  a 
composite  of  surface  and  ground  water,  which  is  available  in  sufficient 
quantities  to  conduct  the  natural  saaple  testing  for  all, the  analytical 
aethods  developed  under  this  contract.  The  saae  natural  water  should  be 
used  for  all  analytical  aethods  documentation. 

The  data  for  documentation  of  analyses  in  soils  will  be  developed  using 
a  standard  soil  aatrix.  The  standard  soil  will  consist  of  a  homogeneous 
saaple  of  sufficient  size  to  provide  a  single  continuous  source  for  all 
aethod  documentation.  An  aliquot  of  sieved  (Paragraph  7. 1.3. 2)  standard 
soil  will  be  carried  through  each  set  of  documentation  samples  to  act  as 
a  blank.  Added  concentrations  of  the  subject  analyte(s)  will  be 
dissolved  in  a  volume  of  solvent  just  sufficient  to  wet  the  soil.  This 
solution  is  poured  over  the  subsaaple  of  soil  and  allowed  to  stand  for 
1  hour  prior  to  beginning  analysis. 

The  natural  soil  saaple  to  be  used  in  aethod  documentation  can  be  any 
uncontaainated  soil,  preferably  a  composite  of  several  soil  types,  tdiich 
is  dried,  sieved,  and  available  in  sufficient  quantities  for  all  the 
aethod  documentation  work  to  be  performed  in  this  project. 

Quantitative  analytical  aethods  will  be  developed  in  this  project  to 
quantitate  the  level  of  contaaination  of  specific  analytes  in  various 
environaental  matrices.  The  process  of  quantitative  documentation 
requires  the  detection  liait  of  the  analytical  aethod  to  be  determined 
and  the  precision  and  accuracy  documented  to  a  statistically  reliable 
degree . 

Certification  of  a  quantitative  aethod  requires  analysis  of  separate 
batches  of  standard  aedia  (water,  soil,  etc.)  saaples  spiked  at  the 
following  concentrations:  0.5Z,  1.0Z,  2. OX,  5. OX,  and  10X,  where  X  is 
the  required/desired  detection  liait.  Each  level  is  spiked  and  analysed 
once  on  4  separate  days,  k  blank  saaple  of  the  standard  aatrix  is  also 
analysed  with  each  batch. 
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A  plot  of  found-versus-target  concentration  (amount  spiked)  is 
generated,  and  the  detection  limit  is  calculated  using  the  methods  of 
Hubaux  and  Vos.  The  precision  of  the  method  will  be  the  standard  error 
of  the  best-fit  linear  regression  line  of  found-versus-target  concen¬ 
tration  values  for  the  data  generated  over  the  4  days  of  certification 
testing.  The  accuracy  of  the  method  will  be  the  slope  of  the  best-fit 
linear  regression  line  of  found-versus-target  concentrations.  The 
method  will  be  written  in  the  USATHAMA  format  and  will  be  submitted  to 
USATHAMA  for  approval  along  with  the  certification  data. 
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6.0  SAMPLE  COLLECTION 


6.1  RATIONALE 

As  part  of  the  verification  of  the  developed  methods  in  natural 
water/ soil  samples,  it  may  be  necessary  to  collect  contaminated  or 
"blank"  natural  samples  for  analysis  by  the  methods  developed  during  the 
project. 

6.2  QA  PROCEDURES  FOR  SAMPLING 

A  field  team  and  leader  will  be  designated  by  the  Project  Manager.  The 
Field  Team  Leader  is  responsible  for  proper  sampling,  labeling  of 
samples,  preservation,  and  shipment  of  samples  to  the  laboratory  in  a 
proper  manner. 

Water  samples  will  be  stored  and  shipped  in  amber  glass  bottles  with 
Teflon*- lined  lids.  Soil  samples  will  be  contained  in  glass  Mason  jars. 
These  containers  will  be  prepared  by  thorough  washing  with  hot  detergent 
and  water,  triple  rinsing  with  tap  water,  triple  rinsing  with  deionized 
water,  rinsing  with  methanol,  air  drying,  and  baking  at  100 *C  for 
several  hours. 

Sampling  locations  will  be  determined  in  discussions  between  the  Project 
Manager  and  the  USATHAMA  Project  Officer. 

All  collected  samples  will  be  stored  under  refrigeration  at  4*C  at  all 
times  prior  to  subsampling  or  analysis. 
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7.0  ANALYTICAL  SYSTEMS  CONTROL 


7.1  GENERAL  PROCEDURES 

7.1.1  NOTEBOOKS  AND  INSTRUMENT  LOGBOOKS 

The  ultimate  repository  for  information  concerning  analyses  performed  in 
the  laboratory  is  the  analyst's  personal  laboratory  notebook  and  the 
instrument  logbooks. 

Each  analyst  is  required  to  have  a  personal  notebook  which  is  designated 
by  a  unique  number.  Each  analyst  is  responsible  for  maintaining 
complete  laboratory  notes.  The  ESE  QA/QC  Supervisor  maintains  a  list  of 
assigned  notebook  numbers  and  audits  laboratory  notebooks  without 
notice.  The  list  of  assigned  notebooks  contains  the  following 
information: 

1.  Notebook  number, 

2.  Assignee, 

3.  Responsible  Group  Leader,  and 

4.  Disposition  or  location  and  date. 

Laboratory  notebooks  for  this  project  will  not  be  taken  from  ESE  without 
written  permission  of  the  Analytical  Temi  Leader  and  the  ESE  Project 
Manager.  After  completed  notebooks  are  approved  by  the  analyst,  QA/QC 
Supervisor,  and  Group  Leader,  custody  is  transferred  to  the  Analytical 
Tea  Leader.  Every  entry  into  the  notebook  should  be  dated  and  signed. 
Each  Group  Leader  is  responsible  for  ensuring  that  the  notebook  entries 
are  counter-signed.  Entries  in  the  personal  notebook  will  vary 
depending  on  the  role  of  the  individual  in  the  laboratory  and  the  type 
of  work  being  performed.  At  a  minimum,  the  personal  notebook  should 
contain: 

1.  A  reference  to  or  a  description  of  the  procedures  used  for 
sample  work-up  or  analysis. 
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2.  A  summary  of  the  samples  extracted  or  analyzed, 

3.  Weighings  and  calculations  of  standard  concentrations,  and 

4.  Information  on  spiking  procedures,  and  observations  and 
comments  on  the  procedures  or  sanples. 

The  logbook  consists  of  a  bound  notebook  containing  the  preventive 
maintenance  schedule. 

Each  time  an  instrument  is  used  for  sample  analysis,  the  following 
information  is  entered: 

1.  Date  of  analysis; 

2.  Project  name  and  number; 

3.  Number  of  samples  analyzed,  and  type  of  sample; 

4.  Time  spent  on  analysis  (start  to  finish); 

5.  Preventive  maintenance  performed,  if  any; 

6.  Time  spent  on  preventive  maintenance; 

7.  Instrument  calibration  performed,  if  any;  and 

8.  Name  of  analyst. 

Additional  notes  are  made  in  the  instrument  logs  vrfien  required.  These 
notes  are  particularly  important  when  abnormal  instrument  or  analytical 
performance  is  observed.  It  is  the  analyst's  responsibility  to  ensure 
that  instrument  logs  are  properly  filled  out  and  kept  up  to  date.  The 
QA/QC  Supervisor  monitors  and  audits  the  status  of  instrument  logbooks. 

Copies  of  all  pages  of  instrument  logbooks  for  instruments  used  in  this 
project  will  be  compiled  monthly  by  the  analyst  and  approved  by  the 
QA/QC  Supervisor.  This  instrument  documentation  record  becomes  a  part 
of  the  permanent  project  QA/QC  record. 

7.1.2  STANDARDS  AND  SARMS 

All  materials  used  to  prepare  calibration  standards  and  spiking 
standards  must  be  Standard  Analytical  Reference  Materials  (SARMS) 
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supplied  by  USATHAMA.  SARMS  or  interim  SARMS  are  materials  that  have 
undergone  extensive  purity  and  stability  checks.  Interim  reference 
materials  may  be  used  when  analyses  must  be  run  before  a  SAKM  is 
available.  However,  the  following  precautions  must  be  taken: 

1.  The  interim  reference  material  will  be  stored  at  0*C,  and  a 
portion  will  be  retained  for  comparison  with  the  approved  SARM 
when  available; 

2.  The  following  data  will  be  recorded  as  a  minimum  description  of 
the  material: 

a.  Infrared  spectrum; 

b.  Melting  point,  decomposition  point,  or  boiling  point; 

c.  ttlR  spectrum; 

d.  Elemental  analysis;  and 

e.  GC  or  LC  (by  difference)  analysis. 

In  cases  where  SARMS  are  difficult  to  obtain  or  only  small  amounts  are 
available,  interim  SARMS  or  standards  may  be  used  for  all  calibration 
and  spiking  work,  as  long  as  the  purity  and  response  of  such  materials 
can  be  compared  to  the  purity  of  the  SARM.  All  reference  compounds  used 
in  this  project  will  be  stored  at  0*C  and  protected  from  light.  The 
QA/QC  Supervisor  or  Analytical  Teas  Leader  will  request  SARMS  as 
required.  The  QA/QC  Supervisor  maintains  a  record  of  receipt  of  SARMS 
and  monitors  their  use.  A  record  of  SARM  material  usage  is  maintained 
which  identifies  the  analyst  and  date  of  use. 

7.1.3  SAMPLE  PREPARATION 

The  following  paragraphs  describe  the  preparation  of  water,  soil,  and 
sediment  samples  for  analysis. 

7. 1.3.1  Water  Samples 

Prior  to  analysis,  groundwater  samples  will  be  filtered  through  a 
0. 45-micron  filter  (constructed  of  a  material  which  is  suitable  for  the 
intended  analysis)  to  remove  suspended  particulate  matter.  Surface 
water  saples  will  not  be  filtered  before  analysis.  Many  organic 
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compounds  adsorb  on  particulate  matter.  Therefore,  it  is  desirable  to 
detect  contaminants  migrating  in  the  suspended  fraction  of  the  water 
column. 

7. 1.3. 2  Soil  Samples 

Prior  to  analysis,  soil  samples  will  be  sieved  through  a  30-mesh 
(500-um)  brass  sieve  to  remove  rocks  and  debris. 

Prior  to  sieving,  soil  samples  should  be  spread  out  on  the  dull  side  of 
aluminum  foil  to  air  dry  if  sufficiently  wet. 

Soil  samples  must  be  properly  subsampled  before  any  analysis  is 
performed.  All  subsampling  must  be  accomplished  with  the  aid  of  a 
riffle  or  by  proper  quartering  techniques  according  to  ASTM 
Specification  D346. 

A  moisture  determination  in  accordance  with  ASTM  Specification  D2216-71, 
Laboratory  Determination  of  Moisture  Content  of  Soil,  will  be  made  on 
each  solid  sample  so  that  analytical  data  can  be  reported  on  a 
moisture-free  basis. 

7.1.4  STANDARD  SAMPLES 

Preparation  of  standard  water  and  soil  for  methods  development  and 
analytical  systems  control  have  been  described  in  Paragraph  3.2. 

Standard  water  for  inorganic  analysis  consists  of  deionized  rater. 
Standard  water  for  organic  analysis  consists  of  deionized  organic-free 
water  containing  100  mg/L  each  of  sulfate  and  chloride.  Standard 
samples  for  soil  and  sediment  analysis  consist  of  samples  of  an  approved 
standard  soil. 

7.1.5  INSTRUMENT  CALIBRATION  AND  OPERATING  PROCEDURES 

A  calibration  procedure  establishes  the  relationship  between  an 
accurately  known  calibration  standard  and  the  measurement  of  that 
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standard  by  an  instrument  or  analytical  procedure.  Calibration  is  not 
to  be  confused  with  standardisation.  Standards  are  run  each  time  an 
instrument  or  procedure  is  used,  while  calibration  is  performed  only  at 
specified  intervals. 

Operating  procedures  must  be  available  for  all  equipment  and  analytical 
instrumentation.  Such  procedures  are  generally  provided  by  the 
manufacturer. 

Written  procedures  for  the  operation  and  calibration  of  instrumentation 
are  provided  to  the  analyst  in  the  laboratory  to  help  minimize  possible 
measurement  inconsistencies  due  to  differing  techniques,  conditions,  and 
choice  of  standards.  The  procedures  include  the  following  information: 

1.  The  specific  instrument  (or  group  of  instruments)  and  analysis 
for  which  the  procedure  is  applicable; 

2.  An  explanation  of  theoretical  considerations  pertinent  to  the 
understanding  of  both  the  calibration  procedure  and  the 
analysis; 

3.  Fundamental  calibration  specifications; 

4.  A  list  of  requisite  standards  and  equipment  for  the  procedure; 

5.  Complete  presentation  of  the  procedure  in  a  clear,  step-by-step 
manner;  and 

6.  Specific  instructions  for  obtaining  and  recording  calibration 
information. 

An  up-to-date  report  for  each  calibration  standard  used  in  the  calibra¬ 
tion  system  should  be  provided.  If  calibration  services  are  performed 
by  a  commercial  laboratory  on  a  contract  basis,  copies  of  reports  issued 
by  them  should  be  maintained  on  file. 
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All  contractor  calibration  reports  are  kept  in  a  suitable  file  by  the  QA 
Supervisor  and  contain  the  following  information: 

1.  Report  number; 

2.  Identification  or  serial  number  of  the  calibration  standard  to 
which  the  report  pertains; 

3.  Conditions  under  which  the  calibration  was  performed 
(temperature,  relative  humidity,  etc.); 

4.  Accuracy  of  calibration  standards  (expressed  in  percentage  or 
other  suitable  terms); 

5.  Deviation  or  corrections;  and 

6.  Corrections  that  must  be  applied  if  standard  conditions  of 
temperature,  etc.,  are  not  met  or  differ  from  those  at  place  of 
calibration. 

Contracts  for  calibration  services  should  require  the  contractor  to 
supply  records  on  traceability  of  their  calibration  standards. 

All  equipment  to  be  calibrated  should  have  affixed  to  it  in  plain  sight 
a  tag  bearing  the  following  information: 

Description: 

Ident.  No.: 

Last  Calibrated:  _ 

Calibrated  By:  _ 

Calibration  Expires:  ___ 

NOTE:  Use  of  this  instrument  beyond  the 

calibration  expiration  date  is  prohibited. 

When  the  equipment  sice  or  its  intended  use  limits  the  application  of 
labels,  an  identifying  code  should  be  applied. 
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Equipment  past  due  for  calibration  should  be  removed  from  service  either 
physically  or,  if  this  is  impractical,  impounded  by  tagging  or  other 
means . 

7.2  SPECIFIC  ANALYTICAL  SYSTEMS  CONTROL:  GC  AND  HPLC  ANALYSES 
7.2.1  INSTRUMENT  CALIBRATION 

Before  analyses  are  performed  on  the  gas  chromatograph,  the  gas  flow 
rates  through  the  column  and  detector  are  measured  and  the  carrier  gas 
flow  controllers  are  calibrated.  For  roto-meter  controllers,  the 
position  of  the  floating  ball  is  measured  versus  the  gas  flow  through 
the  column  and  a  graph  of  flow  rate  versus  ball  position  is  drawn. 
Electronic  flow  controllers  are  calibrated  according  to  manufacturer's 
specifications,  and  the  agreement  between  the  set  flow  rate  and  the 
measured  flow  through  the  column  is  checked.  A  table  of  measured  versus 
set  flow  rate  is  prepared.  The  flow  rate  through  the  column  and 
detectors  is  measured  using  a  volumetric  bubblemeter  supplied  by  the 
manufacturer.  A  packed  column  should  be  in  the  instrument,  and  the  oven 
and  the  injector  should  be  at  ambient  temperature.  The  flow-rate 
setting  is  checked  at  the  start  of  an  analytical  run  and  periodically 
calibrated  thereafter,  but  at  least  once  every  6  months.  A  record  of 
the  flow  rate  calibration  including  charts  and  tables  is  kept  in  the 
instrument  logbook. 

Temperature  calibration  of  the  detector,  injector,  and  oven  sones  in  a 
GC  is  accomplished  before  any  analyses  are  performed.  The  temperature 
in  these  zones  is  measured  by  a  calibrated  thermocouple  placed  into  the 
appropriate  zone.  The  temperature  calibration  is  recorded  in  the 
instrument  logbook. 

For  high  pressure  liquid  chromatographs,  the  system  flow  rates  are 
calibrated  before  any  analyses  are  conducted.  The  calibration  is 
performed  by  measuring  the  liquid  flow  at  the  outlet  of  the  detector 
system  using  a  volumetric  measurement  such  as  a  Class  A  volumetric 
flask.  In  two  pump  gradient  systems,  the  flow  rates  should  be  checked 
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with  each  pump  working  independently  st  a  50/50  gradient  mixture.  A 
record  of  this  calibration  should  be  kept  in  the  instrument  log  book. 

HPLC  columns  should  be  checked  for  efficiency,  before  any  analysis  is 
conducted,  according  to  manufacturer's  specifications  or  another 
approved  consistent  procedure.  A  record  of  the  column's  efficiency  and 
resolution  between  adjacent  peaks  should  be  kept  in  the  instrument 
notebook. 

Calibration  is  performed  when  a  new  instrument  arrives  in  the  laboratory 
and  is  repeated  at  periodic  intervals  thereafter.  The  instrument 
sensitivity  calibration  is  performed  according  to  the  respective 
manufacturer's  instructions.  This  sensitivity  or  performance  check  is 
repeated  when  instrument  performance  deterioration  is  suspected.  When 
no  manufacturer-supplied  sensitivity  check  procedures  are  available,  the 
instrument  response  to  a  known  concentration  standard  under  defined 
conditions  is  to  be  used  to  check  the  sensitivity. 

The  instrument  logbooks  should  contain: 

1.  Data  of  last  calibration  of  flow  and  temperature  controllers, 
and  historical  curves, 

2.  Detector  calibration  calculations  and  information, 

3.  A  log  of  the  type  of  analysis  run  on  the  instrument  including: 

a.  Column  conditions  and  temperature  cones  for  GC  and 
column  type,  conditions  and  flow  rates  for  HPLC. 

b.  Sample  numbers  or  other  identification  of  samples 
analysed . 

c.  Reference  to  a  notebook  page  describing  the  analysis 
performed. 

d.  Date  of  analysis. 

e.  Detector  used — FID,  BCD,  0V,  fluorescence,  etc. 

4.  Service  records. 
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7.2.2  PEAK  MEASUREMENTS 

Three  primary  means  of  measuring  chromatographic  peak  response  may  be 
used:  area,  peak  height,  and  peak  height  x  width-at-half-height. 

Peak  height  is  preferred  in  those  cases  tfiere  very  noisy  signals  make 
the  use  of  electronic  integrators  difficult  in  complex  chromatograms. 

In  this  project,  all  these  means  of  peak  response  measurement  may  be 
used.  However,  once  the  choice  of  peak  response  measurement  is  made, 
the  same  mode  of  peak  response  measurement  will  be  used  consistently 
throughout  the  project  for  that  particular  analysis.  The  choice  of 
method  used  for  a  particular  analysis  is  made  by  the  analyst  after 
consultation  with  his/her  supervisor. 

Analyte  peaks  on  a  chromatogram  must  be  identified.  The  peaks  of 
interest  must  be  marked  to  definitively  specify  which  peaks  were  used  in 
the  quantitation  and  calculations. 

The  primary  means  of  peak  identification  for  an  analyte  in  the  chromato¬ 
graphic  methods  is  that  the  peak  of  interest  falls  within  a 
predetermined  retention  time  window  of  the  retention  time  of  an 
authentic  standard  of  that  particular  analyte.  Usually  a  retention 
window  of  5Z  will  be  used  for  peak  identification.  However,  for 
temperature-programmed  or  solvent-programmed  runs,  a  retention  window  of 
+2  standard  deviation  units  around  the  average  value  of  the  standard 
peak  retention  time  should  be  used  as  a  confirmatory  check.  The  average 
peak  retention  time  is  determined  from  analytical  standards  run  that 
day. 


7.2. 3  SAMPLE  DOCUMENTATION 

An  analyst's  extraction  logsheet  will  be  filled  out  by  the  analyst 
performing  the  sample  extraction  and  will  accompany  the  batch  of  samples 
throughout  the  analysis  procedure.  (An  example  of  this  extraction 
logsheet  is  given  in  Figure  7-1).  The  data  on  this  sheet  will  include, 
at  a  minimum,  the  following: 
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1.  Notebook  or  literature  reference  to  procedure  used  for 
extraction, 

2.  Type  of  sample  matrix, 

3.  Date  of  extraction, 

4.  Volume  or  weight  of  sample  taken  for  analysis, 

5.  Dry-weight  of  the  sample— -if  necessary, 

6.  Final  voluae  of  extract, 

7.  Project  nunber  and  name, 

8.  Notes  and  comments  affecting  Che  extraction  procedure,  and 

9.  Name  or  initials  of  the  analyst. 

7.2.4  CHROMATOGRAPHIC  LOGSHEETS 

Two  types  of  chromatogrsphic  logsheets  are  used.  One  sheet  is  the 
standard  curve  sheet  (Figure  7-2)  which  lists  the  standards,  their 
concentrations,  and  the  respective  peak  heights  or  areas.  The  second 
sheet,  the  chromatographic  date  sheet  (Figure  7-3),  lists  the  samples  in 
order  of  their  injection  with  the  factors  needed  for  calculation  of  the 
concentrations. 

7.3  ANALYTICAL  SYSTEMS  QUALITY  CONTROL  PROCEDURES 

The  following  describes  the  quality  control  procedures  and  requirements 
for  analyses  conducted  during  this  project.  These  quality  control 
requirements  are  in  addition  to  any  specific  calibration  requirements 
presented  in  Subsection  7.2. 

An  initial  instrumental  standardization  will  be  performed  before  any 
samples  are  analyzed.  Calibration  standards  will  be  prepared  and 
analyzed  in  the  concentration  series  0  (blank),  0. SE,  X,  2X,  5X,  and  10X 
where  X  is  the  concentration  in  the  extract  or  sample  being  analysed 
corresponding  to  the  desired  detection  limit.  For  example,  if  the 
desired  detection  limit  in  the  matrix  is  1  microgram  per  liter  (ug/L) 
and  a  thousandfold  concentration  is  required  before  introduction  into  an 
instrument,  X  would  be  1  ug/L.  The  data  from  the  initial  calibrations 
during  documentation  will  be  averaged  and  used  to  calculate:  (1)  the 
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average  instrumental  Hubaux  and  Vos  detection  limit,  and  (2)  the  average 
slope  of  the  calibration  curve. 

The  average  slope  will  be  used  to  initiate  and  set  up  the  control 
limits.  During  the  development  of  the  method  certification  data  for 
each  analyte,  each  instrument  will  be  controlled  using  a  standard  curve 
consisting  of  three  standards  plus  one  procedure  blank  analyzed  at  the 
beginning  of  the  analytical  batch.  A  single  standard  (mid-scale)  will 
be  analyzed  at  the  end  of  the  analysis  to  measure  instrument  drift.  An 
instrument  shall  be  considered  out  of  control  if  the  slope  of  the 
calibration  curve  decreases  by  more  than  30  percent.  The  response 
values  for  the  mid-scale  standard  analyzed  before  and  after  the  run  must 
agree  within  30  percent.  The  correlation  coefficient  for  the  lihear 
regression  of  the  calibration  curve  must  always  exceed  0.995.  The  value 
of  each  of  these  checks  will  be  recorded  in  the  analyst's  notebook. 

The  analysts  are  responsible  for  ensuring  that  each  routine 
standardization  meets  the  QC  criteria.  Failure  of  the  analytical  system 
to  meet  all  QC  criteria  requires  immediate  corrective  action,  which  may 
include  rerunning  samples  judged  out  of  control. 

All  data  reported  using  the  calibration  curve  must  be  bracketed  on  the 
upper  and  lower  end  by  standards. 

At  least  one  procedure  blank  sample  will  be  included  with  each  batch  of 
samples . 

7.4  DEVELOPMENT  OF  ANALYTICAL  METHODS 

Development  of  a  method  will  be  initiated  by  submitting  Documentation 
for  Proposed  Methods  Development  to  the  USATHAMA  Chemistry  Group  for 
approval  prior  to  development  activity  (Appendix  4  of  OSATHAMA  QA 
Program,  1980).  Bach  of  the  methods  proposals  will  contain  the 
following  information,  organised  in  the  format  outlined  below: 
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DOCUMENTATION  FOR  PROPOSED  METHOD  DEVELOPMENT: 

(ANALYTE)  IN  (SOIL/WATER) 

1.  SUBMITTING  ORGANIZATION. 

2.  JUSTIFICATION  OF  WORK. 

3.  OUTLINE  OF  PROPOSED  EFFORT. 

4.  PROPOSED  SAMPLES  TO  BE  USED  IN  DEVELOPMENT. 

5.  ESTIMATE  OF  RESOURCES  REQUIRED. 

6.  PROPOSED  SOURCE  OF  RESOURCES. 

7.  IMPACT  OF  REPROGRAMMING  USATHAMA  FUNDS. 

8.  ESTIMATED  TIME  TO  COMPLETE  WORK  AND  SUBMIT  REPORT. 


The  USATHAMA  Chemistry  Group  trill  evaluate  the  proposed  approach  for 
technical  soundness  and  economy  of  effort.  The  Chemistry  Group  will 
then  request  that  ESE  proceed  with  the  method  development  as  proposed  or 
with  recommended  modifications. 

ESE  personnel  will  investigate  the  proposed  procedures  to  be  included  in 
the  method.  Should  any  of  the  proposed  procedures  approved  by  the 
Chemistry  Group  be  found  to  be  inadequate  for  the  method,  alternative 
procedures  will  be  investigated  after  approval  by  the  Chemistry  Group. 

7.5  CHARACTERIZATION  OF  ANALYTICAL  METHODS 

When  the  analytical  procedures  have  been  finalized  by  ESE,  the 
procedures  will  be  documented  according  to  the  requirements  specified  in 
Appendix  2  of  the  USATHAMA  QA  Program  (August  1980). 

ESE  will  generate  precision  and  accuracy  data  on  the  proposed  method  in 
standard  samples  and  in  natural  media. 

Using  the  precision  and  accuracy  data,  the  detection  limit  will  be 
calculated  as  well  as  the  sensitivity  at  the  detection  limit  for 
inclusion  in  the  documentation  of  the  method. 
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Full  documentation  of  the  method  will  be  submitted  to  the  USATHAMA 
Chemistry  Group.  The  Chemistry  Group  will  review  the  documentation  for 
completeness  and  comprehension.  Based  on  this  review,  the  Development 
Laboratory  will  make  any  necessary  modifications  prior  to  approval  of 
the  method  by  the  USATHAMA  Chemistry  Group. 


These  method  docuaentation  data  will  include  estimates  of  the  standard 
deviation,  percent  inaccuracy,  and  percent  imprecision. 

1.  The  standard  deviations  will  be  calculated  at  each  target 
concentration  according  to: 


Standard 

deviation 


(2x.)2 


n-1 


1/2 


where  Xj  ■  the  ith  found  concentration 
n  ■  total  number  of  X  values 
and  X  ■  summation  from  i  -  i  to  i  *  n 

2.  The  percent  inaccuracy  will  be  calculated  at  each  target 
concentration  according  to 


percent  inaccuracy  ■  ■  ■  x  100 

TC 

where  x  ■  average  found  concentration  at  the  particular  TC 
and  TC  ■  target  concentration. 

3.  The  percent  imprecision  will  be  calculated  at  each  target 
concentration  according  to 

percent  imprecision  “  ^  x  100 

where  s  ■  standard  deviation 

and  x  “  average  found  concentration  at  the  particular 
target  concentration. 
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Upon  final  approval  of  the  documented  method,  the  Chemistry  Qroup  will 
assign  a  number  to  the  method. 

The  format  below  (USATHAMA  QA  Program,  August  1980)  will  be  followed  for 
submittal  of  all  method  docianentation  data. 

TITLE :  ANALYTE (S)  IH  (WATER/SOIL)  SAMPLES 

1.  Application:  State  analytes  that  can  be  analyzed  by  this 

method  and  media  in  which  the  analytes  are  contained  (e.g.,  TNT 
in  soil).  The  media  should  be  the  original  matrices  to  be 
analyzed  (e.g.,  soil,  air,  water,  biological  tissue,  etc.) 
rather  than  intermediates  in  the  procedure  (e.g.,  bubbler  from 
air  sampling,  extract  from  soil,  etc.). 

a.  Tested  Concentration  Range:  State  concentration  range  in 
the  original  matrix  that  was  tested  for  this  validation 
(e.g.,  1  to  20  ug/L  in  water,  5  to  100  mg/m^  in  air, 
etc.) . 

b.  Sensitivity:  Response  (peak  height,  area,  etc.)  observed 
for  absolute  quantity  of  analyte  (state  quantity)  at  the 
detection  limit  (e.g.,  1,500  area  units  for  40  picograms). 

c.  Detection  Limit:  Limit  of  detection  for  complete 
analytical  method,  determined  from  precision  and  accuracy 
data  generated  from  spiked  standard  samples  (standard 
water,  soil,  etc.)  and  calculated  according  to  Hubaux  and 
Vos,  expressed  in  terms  of  concentration  in  original  medium 
(soil,  water,  etc.). 

d.  Interferences:  State  any  observed  interferences  or  any 
interferences  anticipated  based  on  the  method  of  analysis. 

e.  Analysis  Rate:  State  the  estimated  number  of  samples  that 
can  be  analysed  by  this  method  in  an  8-hour  day  after 
instriaent  calibration. 
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2.  Chemistry: 

a.  List  physical  and  chemical  properties  of  analyte(s), 
including  Chemical  Abstracts  Service  Registry  number. 

b.  Describe  in  detail  any  chemical  reactions  involved  in  the 
analytical  method  (such  as  conversion  of  organic  nitrogen 
to  anonia  followed  by  conversion  to  ammonium  chloride  in 
hydrochloric  acid). 

3.  Apparatus: 

a.  Instrumentation:  List  makes  and  models  of  instruments,  as 
well  as  specific  characteristics  (such  as  detectors). 

b.  Parameters:  List  operating  parameters  of  instruments,  as 
well  as  chromatography  colusns. 

c.  Hardware /G 1 as sware :  List  miscellaneous  equipment.  Include 
sources  for  specialty  or  trademarked  items. 

d.  Chemicals:  List  chemicals  necessary.  State  sources  of 
analytical  reference  materials. 

4.  Standards: 

a.  Calibration  standards:  Describe,  in  detail,  the  step-by- 
step  procedure  for  preparing  instilment  calibration 
standards  to  include  proper  storage  and  shelf  life. 

b.  Control  spikes:  Describe,  in  detail,  the  step-by-step 
procedure  for  preparing  spikes  of  control  samples. 

5.  Procedure:  Describe,  in  detail,  the  step-by-step  procedure  for 
analysing  control  and  actual  samples,  as  well  as  instrument 
calibration  procedures.  Include  instructions  for  constructing 
necessary  graphs . 

6.  Calculations:  Describe,  in  detail,  the  manner  by  mhich  the 
concentrations  in  the  original  matrix  are  calculated  from  the 
responses  obtained  in  the  analysis. 
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7.  Re ferences:  List  any  references  used  as  a  source  for  the 

procedures. 

8.  Data; 

a.  Tabulate  precision  and  accuracy  data  by  indicating  found 
concentrations  (uncorrected)  for  each  target  concentration 
by  day. 

b.  Tabulate  average  found  value,  standard  deviation,  percent 
imprecision,  and  percent  inaccuracy  for  each  target  value. 

c.  Plot  the  found  concentration  versus  the  target 
concentration  (include  linear  regression,  confidence 
bounds,  and  Hubaux  and  Vos  detection  limit  annoted). 

d.  Plot  the  standard  deviation  versus  the  target 
concentration. 

e.  Plot  the  percent  inaccuracy  versus  the  target 
concentration. 

f.  Plot  the  percent  imprecision  versus  the  target 
concentration. 
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APPENDIX  C 

COMPUTER  PROGRAM  FOR  REDUCTION  OF  HPLC  SCREEN  DATA 

The  various  subsections  of  the  program  are  described  below: 

Steps  10  through  300— Calculates  the  ug/L  of  the  analytes  in  the 
original  sample  from  the  raw  data  and  stores  the  peak  heights  for 
later  calculation  of  ratios. 

I 

Steps  400  through  430-~Lists  the  analyte  names  under  the  file 
variables  H1(I)  and  H2(l)  which  are  the  first  and  last  parts  of  the 
compound  name,  respectively. 

Steps  600  through  710— Lists  a  set  of  calibration  curve  data  for  an 
analyte  on  a  particular  detector. 

Steps  992  through  1446 — Calculates  the  calibration  data  for  all  of 
the  analytes  and  stores  the  resultant  slope,  intercept,  and 
correlation  coefficient  for  subsequent  use  under  a  compound  index 
number,  I,  and  a  file  number,  FI,  for  each  detector: 

FI  ■  1  for  the  LC-75 
FI  ■  2  for  the  254  nm 
FI  •  3  for  fluorescence 

The  compound  index  number,  I,  is  equivalent  to  the  X  index  number 
used  in  the  calibration  curve  data.  The  correlation  coefficient  is 
stored  under  Gu(X).  The  slope  and  intercept  are  stored  under  m(X) 
and  KC(X),  respectively. 

Steps  1495  through  1860— •Calculates  the  detector  ratios  for  each 
analyte  in  a  single  chromatographic  run.  S1(I),  B2(I),  and  B3(I) 
are  the  peak  heights  of  component  I  on  the  LC-75,  254  nm,  and 
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fluorescence  detectors,  respectively.  The  ratio  of  the  peak  height 
of  component  I  on  the  LC-75  detector  to  the  peak  height  on  the 
254  ran  detector  is  stored  as  T(I)  for  responses  normalized  to  the 
ortho-nitrotoluene  response  and  V(l)  for  the  unnormalized  response. 
H( I)  and  S(I)  are  used  for  the  unnormalized  254  nm  to  fluorescence 
ratio  and  LC-75  to  fluorescence  ratio,  respectively. 

Steps  1899  through  1932 — Subroutine  for  manual  entry  of  peak 
heights  for  the  254  ran  detector. 

Steps  1969  to  1998— Manual  entry  of  peak  heights  for  fluorescence 
detector.  (Manual  entry  for  LC-75  peak  heights  uses  Steps  130  to 
150.) 

Step  2082 — Defines  a  special  function  key  for  initiation  of  the 
ratio  program  at  992. 

Step  2086 — Defines  a  special  function  key  for  initiation  of  the 
data  reduction  program  at  Step  15. 

An  example  of  the  output  of  the  ratio  calculation  program  beginning  at 
Step  1495  is  presented  below.  Ratios  unnormalized  and  normalized 
responses  are  calculated. 

Step  2090— Defines  a  special  function  key  for  initiation  of  the 
detector  ratio  program  at  1495. 

The  following  is  a  listing  of  the  input  and  output  of  a  typical  data  set 
calculation  for  the  LC-75  data.  In  the  input  section,  the  program 
provides  a  series  of  prompting  statements  to  set  up  the  data  file,  and 
the  peak  heights  are  entered  for  each  prompted  compound.  The  output 
section  is  titled  report  and  contains  the  concentration  in  the  sample, 
the  peak  height  as  a  check  for  input  errors,  and  the  ratio  of  the  peak 
height  to  the  peak  height  of  ortho-nitrotoluene. 
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SMTep  OMr  RESPONSE  at  254n* 

C  *«4 

RESPONSE  PATIOS  LEVEL  5. 

•••RATIOS  NtTH  0MT*»* 


COMPOUND 

l r-PA/PSA 

MN* 

A.  A7444S3 

»ov 

3.  72624AA 

THS 

4.  477A3* 

DM8 

2,  2771781 

t ETPVL 

A. 

%MP 

2.  2671351 

TMT 

2.  7718928 

2,  6  DMT 

2.  2982681 

2.  4  DMT 

1.  5642592 

OMT 

1.  8821598 

NAPHT 

2.  4988782 

AeEM8PHrHV 

1.  6818546 

FLUOPEME 

23.  223918 

ACEMAPTM 

9.  6688679 

PMEMANTM 

8.  4434122 

AMTMPACEME 

8. 

FLUOAAMTH 

2.  9672892 

PVFEME 

8.  5888885 

CMPVSENE 

8.  4952*39 

9Z'0)FLUOP 

1.  289555 

9Zf r>FLUO* 

1.  5893*14 

8<*>PVPfWE 

2.  1527882 

D»Z  f  PM ) AMT 

IS.  573191 

I  < CD ) PVP 

1.  1622992 

•  ••PATIOS  WITHOUT  l)MT*«« 


COMPOUND 

Lr-75/754 

254/<PL 

LC-75/FL 

HAM 

6.  5762483 

A. 

0. 

PDX 

3.  851  6627 

A. 

8. 

T8S 

3.  6671  AIK 

8. 

0. 

DM8 

1.  9477255 

A. 

8. 

TETPVL 

8. 

0. 

0. 

DMP 

1.  8567854 

0. 

0. 

TMT 

2.  2788855 

8. 

0. 

2,  6  DMT 

1. 9575472 

8. 

8. 

2,4  9HT 

1.  2818743 

8. 

0. 

OMT 

8.  8287343 

8. 

0. 

M8PHT 

2.  045*322 

21.  810182 

44. 636364 

9CEMAPMTWV 

1.  377381  * 

8. 

8. 

PLUOtEME 

19.  827778 

8. 

8. 

ACEMAPTM 

0.  5471246 

78.  25 

*2.  8125 

•MEHAMTM 

0.  2631393 

21.  5 

11.  438889 

AMTMPACEME 

8. 

191.  6 

8. 

FLUOf AMTM 

2.  4381875 

8. 5622733 

1.  3663845 

PTPBME 

A.  *816176 

8.  16 

3.  93 

CMPV9EME 

8.  4095877 

16.  21875 

6.  578125 

9Zf 8>FLUO# 

A.  9809838 

1.  86*1283 

1.  8541002 

9Z<POFLUOP 

1.  3 At  61 5 A 

A. 4261660 

8.  5547854 

9<»>PV9BME 

1.  7629938 

1. 28954*2 

2.  273*584 

98 Z r  AM  >  AMT 

12.  753986 

8.  6236297 

7.  953715 

I <CD  >  PVP 

8.  9518797 

1.  6181695 

l. 5326077 
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1ST 


19  R£H  hpi  c  atrppm  n«ra  RPmirrmu 
15  I  !  • 

20  »"IF  LC-75  INPUT  1" 

40  ! “ T  P  254  no  INPUT  2* 

59  I  "IF  FLUORESCENCE  fHPHT 
PA  TMPtIT  PT 

65  S-MNflT  level  IS  THE  SAMPLE" 

66  INPUT  J 

70  ! *  HON  MAHV  COMPOUNDS" 

80  INPUT  0 

90  ! “ THE  CHROMATOGRAM  NUMBER  I S  *  J 
100  INPUT  T 

105  ! *  ENTER  1  FOR  NATURAL.  2  FOR  STANDARD* ! 

107  INPUT  0 

108  ! "ENTER  1  FOR  UNCLEANED.  2  FOR  CLEANED"! 

109  INPUT  0 

110  ! " THE  RESPONSE  OF  ONT  IS"! 

115  INPUT  X 

128  ! "ENTER  PEAK  HEIGHTS" 

122  IF  Ft«2  THEN  GOTO  1899 
122  IF  Ft-3  then  GOTO  1969 
120  FOR  1*1  TO  A 

140  !»S.  02Htf  t>!H2d>;> 

141  INPUT  01f!> 

150  NEXT 

160  FOR  1-1  T0  A 

162  CfI>«<'Bl<I>/’X>»KB<I>«-KC<:i>>*0.  2 
165  IF  81 ( I ) >0  THEN  Cfl>*0 
168  IF  Cft><0  THEN  C<t>*8 

173  R<I>*81(I>/'X 

174  Pft>*01<t> 

175  NEXT 
180  !!! 

105  I TRB30" ***REPORT***" 

187  !  !  ! 

190  ! TA023"CHRONATOQRAM  NUMBER" JT 
195  ! TAB33" LEVEL" I J 

200  IF  F  t  *1  THEM  I  TA025" •••PERKIN  ELMER  LC-75***" 

210  IF  F I *2  THEN  I TA025"***ALTEK  254n*  U. V. ***" 

220  IF  Ft*3  THEN  I TAB25 "***PERKIN  ELMER  FLUORESCENCE***" 

230  IF  8*1  AND  »*1  THEN  I TAB24" NATURAL  HATER  UNCLEAHED" 

240  IF  0*1  AND  D*2  THEN  I TAB27  *  NATURAL  HATER  CLERNED* 

250  IF  0*2  AND  D«1  THEN  I TAB24" STANDARD  HATER  UNCLEANED" 

260  IF  0*2  AND  0*2  THEN  ITA0  27 " STANDARD  HATER  CLEANED" 

270  II 

280  I "COMPOUND "I  TAB15"C0HC(u*7L>*TRB35"RE3P0NSE"TRB55"RATt0" 
283  FOR  1*1  TO  A 

205  I  *5.  03HK  I  )  !  H2f  I  >  J 

206  I TABSCf t >TA02SP( I >TAS44R( t> 

287  NEXT  * 

290  1 1  1 1 

300  END 
350  END 

400  FOR  1*1  TO  24 
410  1*5.  83Nlf I»JH2f O 
420  NEXT 
430  END 

440  | "HART  FtLE* 

442  INPUT  Ft 

445  I "CNTI P  H.  V.  DETECTION  LIMITS" 
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t*l  TO  24 
B3M1  <  I  >  ;  H2f  I  )  s  j 
JT  Jf[) 


1*1  TO  24 

:b< i >*p  then  ^ s c r )*t 

'  *(  Xf  t  ) -KC<  t >  ) /K&d  > 
t  < I >  *9  THEH  «<D*0 
r  I  *2  THEM  SII>*fl<I>*5B0 
rt»l  THEH  Sf I>«B(I>«4tB 
'1-3  THEH  S<t)»R<t> 
!<I>*0  THEH  B(I)*0 


!  TBB35****R£P0RT**** 

!  !  ! 

!*RHBLVTE*THB20*INTEGR0TOR  COUNTS  *  T BBS 0  *  NflNOGR RMS  * 

FOR  1*1  TO  24 
! «5.  03H1 ( I ) 5  H2 1 D  ? 

! TRB13S ( I >TBB42X< I > 

NEXT 

EHD 

!*MHRT  FILE* 

S-IMPUT  1  FOR  L C -25  » 
f-IMPUT  2  FOR  J J4n»  “ 

!  "  t  MPtJT  3  FOR  FLUORESCENCE* 

INPUT  Ff 

!  * HOH  MBNV  CRLIBRBTIOH  CURVES* 

IHPtJT  fl 

! *  CO HPOUMD • TR829 *SL OPE "T0B40* INTERCEPT *TBB55*CDRR  COEFF* 

0*24 

FOR  t*t  TO  « 

! «5.  B3H1 ( I >  t  H2f I >  j 
TRR7XBC  r  )  TR829FC  f  I  )  TRB4  5Guf  T  > 

NEXT 
!  !  ! 

EHB 
I  !  ! 

! ■ MHflT  FILE* 

IHPUT  Ft 
Bin  C  (  50) 

Bin  R ( 50) 

! * MHRT  COHPOUHD  HUHBER* 

IHPUT  X 

!“UST  COHC.  RESPOHSE* 

FOR  1*1  TO  50 
M*l 

IHPUT  C(I);R(I) 

IF  C  <  I )  PHD  RID  <0  THEH  QOTO  1200 
NEXT 

H*N-t  *  * 

S*0l  T*0»  F*9«  0*0 
FOR  1*1  TO  H 
S*S*C ( I  ) 

T  »  T  *  R  (  I  ) 

F*F*C ( I >  **2 
B*D*C  f I >  *R( I ) 

HEXT 

P*0-I 5*T  2H> 

B-F-f ?**2/M) 
tfRfXV-R/B 

.  7 


112 


13 7 o  KC'’X'*(S-|(Bi'X>*T>7M 
1378  7=9 

i ?8«  for  Tii  t n  m 
i’Q 0  7i7»Bir'»«J 
1400  «5XT 

141  ft  H^x>*l'9f'X>*<?0Pr;VM-i'T/N7**:>'.,>c;OBfF7M-(S7N>**2> 

•1450  Guf  X>  «1  /Ml  X  7 

1455  !* SLOPE* T882B* t MTFPTFPT* TnP45*rnPP  COFFF  * 

1440  •  KB(X>  !  T0«T>0KC(X>  J  TBB45Gut  X) 

1445  !  !  !  ! 

1446  END 

1495  !*UHBT  LEVEL* 

149?  TMPUT  * 

1499  ! ! ! 

1500  ! *  ENTER  ONT  RESPOHSE  BT  LC-75* 

1501  INPUT  X 

1502  ! *  ENTER  ONT  RESPONSE  BT  254n«* 

1503  INPUT  V 

1510  ! TBB20*RESPONSE  Rfl T I  OS  * TBB45 *  LEVEL  * J R 
1520  ! TBB25‘««*PBTI0S  HITH  ONT***" 

1525  !  ! 

1530  ! "C0MP0UN0*TBB17*LC-757254* 

1560  POP  1*1  TO  24 

1570  IF  B2 ( I >  *8  THEN  82(I>*-9 

1580  T(  I)  *(  8K  I  >  7X>  7<B2<  I  >7V> 

1690  Vf  I  )  »81  f  I  )  782<  I  > 

1728  IF  33(I>-8  THEN  83< I >  *-9 
17?B  H ( I >  *82 ( I >  783 ( O 
1778  Sf  I  >  -Sia  >  783(1  > 

1790  NEXT 

1781  FOP  1*1  TO  24 
1702  IF  82(1X0  THEN  T(I>*0 
1783  ! *5.  03H1C I > J  H2<  I  > ; 
it-04  •  TBB7T  (  I  > 

1785  NEXT 
1790  ! ! ! 

1800  ! TPB22*«**PBTI0S  MITHOUT  ONT**** 

1810  !S 

1820  ! "COMPOUND*  TBB17*LC -757254* TBS34* 254 7FL * TB851 * LC -757FL * 
1830  FOP  1*1  TO  24 

1835  IF  82(1X0  THEN  H(I>«0 

1836  IF  82(1X0  THEN  V(I)*0 

1837  IF  83(1X0  THEN  H(I>*0 

1838  IF  8  3 ( I >  C0  THEN  S(I>*0 

1840  ! *5.  03H1 ( I ) J  H2< I ) J 

1841  ! TflB7V( I >  TB824H( I >  TB041S( I > 

1850  HEXT 

I860  END 

1899  FOR  1*1  TO  B 

1900  ! *5. 03H1( I > J H2( t > J 5 

1901  INPUT  82(1)  / 

1902  NEXT 

1903  FOP  1*1  TO  B 

1904  C(I)*((B2(I)7X)*<B(I>*XC(I>>*0.  2 
1907  IF  92cr>*0  THEM  0(0*0 

1911  IF  C(tX0  THEM  C(I)»0 
1917  P( O  *8 2 ( I ) 7X 
1928  NEXT 
192?  ! ! ! 

1928  FOP  1*1  to  B 

1929  P ( I > *82 ( I ) 
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1938  NEXT 

1932  GOTO  185 

1969  POP  1*1  TO  8 

19^9  ! t3. 83HK I > J H2( t > J J 

1971  INPUT  9  3  T  r  > 

1972  NEXT 

1973  X*i 

1974  FOP  1*1  TO  9 

1975  C ( I ) ■( ( B3( I I ) *K£( D  >*0.  2 
1980  IF  83 ( I >  *0  THEM  Cfl>*0 

1983  IF  CCIX0  THEN  CX>=8 
1992  R ( I ) *83(1 > 

1996  P  (  I  )  *83  (  I  •> 

1997  NEXT 

1998  GOTO  185 
2082  GOTO  992 
2086  GOTO  15 
2090  GOTO  1495 
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PETN,  HOC,  AND  8DX  IN  HATER  SAMPLES 


1.  APPLICATION 

This  method  is  Applicable  to  the  quantitative  analysis  of  environmental 
water  samples  for  PETN,  HMX,  and  RDX. 


A.  TESTED  CONCENTRATION  RANGE 


The  tested  concentration  ranges  in  natural  and  standard  water 
are  listed  below: 


Analyte 


Range  (ug/L) 


PETN 

HMX 

RDX 


1.58  to  31.6 
0.43  to  8.5 
1.26  co  25.2 


B. 


SENSITIVITY 


The  normalised  responses  (integrator  counts)  at  the  natural 
water  detection  limits  designated  in  Section  1(C)  are  listed 


below: 

Analyte 

PETN 

HMX 

RDX 


Integrator  Counts 


Nanograms 


37700 

121000 

173000 


281.1 

143.7 

256.2 


The  normalized  responses  (integrator  counts)  at  the  standard 
water  detection  limits  designated  in  Section  1(C)  are  listed 
below: 

Analyte  Integrator  Counts  Nanograms 

PETN  27179  213.1 
HMX  96096  110.4 
RDX  68495  91.1 


C.  DETECTION  LIMIT 


The  detection  lisuts  in  natural  water,  calculated  according  to 


Hubaux  and  Vos  (1970),  are  listed  below: 

Analyte  Detection  Limit  (ug/L) 


PETN 

HMX 

RDX 


4.5 

2.3 

4.1 
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The  detection  limits  in  standard  water,  calculated  according  to 
Hubaux  and  Vos  (1970),  are  listed  below: 

Analyte  Detection  Limit  (ug/L) 


PETN 

HMZ 

RDX 


3.4 

1.8 


1.5 


D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile 
organic  compounds  which  absorb  light  at  215  nm  and  are  extract- 
able  from  water  with  methylene  chloride. 

E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
10  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  eight  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ASTRACT  SERVICE  (CAS) 
REGISTRY  NU»ER 

CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

PETN  Pentaerythrite  tetranitrate  78-11-5 

Pentaerythritol  tetranitrate 
2, 2HB is [ (nitrooxy)-methyl]- 

1, 3-Propanediol  dinitrate  (ester) 
Nitropentaerythritol 
Pentrit 

HMX  Cyclotetramethylenetetranitramine  2691-41H) 

Octshydro-1, 3, 5, 7-tetrasoeine 
1 , 3, 5, 7-Tetranitro-l , 3, 5, 7- 
tetr azac yc looc  cane 
Octogen 

RDX  Cyclotr imethylenetr ini tr amine  121-84-4 

Hexogen,  T-4,  Cyclonite,  Hexahydro- 
1 , 3, 4-trinitro-s-tr iasine 
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B.  PHYSICAL  AMD  CHEMICAL  PROPERTIES  Of  ANALYTE 


Analyte 

Formula 

Melting 

Point  (*C) 

Boiling 

Point 

Density 

(t/ml) 

PETM 

C5H8M40i2 

141 

180  at 

50  torr 

1.77 

HMX 

C4HgNg0g 

276 

— 

1.77-1.96- 

RDX 

03^606 

204.1 

— 

1.816 

*  There  are  four  polymorphic  form*  of  3MX  with  this  rang*  of 
densities. 

Chemical  Structures 


PKTH 


O3MH2C 


«2  W>3 

C  - -ch2  NO3 

ch2  mo3 


HMZ 


RDX 
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C.  CHEMICAL  REACTIONS 

All  of  these  compounds  ere  highly  explosive,  end  ceution  should 
be  used  in  hendling.  Eech  compound  is  subject  to  elkeline 
hydrolysis  in  aqueous  solution. 

3.  APPARATUS 


A.  INSTRUMENTATION 

Altex  Model  322  duel-pump  liquid  chromatograph  equipped  with  a 
Perkin-Elmer  LC-7S  variable-wavelength  detector  interfaced  to  a 
Spectra  Physics  Model  4100  computing  integrator. 


B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin-Elmer  LC-75  variable-wavelength  detector 

(X  -  215  nm) 

2.  Column:  Zorbax-CN  (4.6-nm  ID  x  25  cm) 

Particle  sise:  7-8  urn 

3.  Flow  Rate/Mobile  Phase:  1  ml/min/35%  H2O/65Z  methanol 

4.  Temperature:  22*C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Times: 

Analyte  Retention  Time  (Minutes) 

RDX  7.8 

HMX  11.8 

PETN  13.9 


C.  HARDWARE /GLASSWARE 

1.  1-liter  separatory  funnel  (Teflon*  or  glass)  (8). 

2.  500-ml  K-D  flask  (8). 

3.  15-ml  K-D  receiver  (8). 

4.  3-ball  Snyder  column  (8). 

5.  2-ball  micro-Snyder  column  (8). 

6.  10-ml  graduated  centrifuge  tubes  (8). 

7.  Disposable  glass  pipettes. 
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L 
L 

|  D.  CHEMICALS 

1.  Nanograde  methylene  chloride — J.T.  Baker  Company, 
i  2.  HPLC-grade  acetonitrile — J.T.  Baker  Company. 

1  '  3.  HPLC-grade  water — J.T.  Baker  Company. 

4.  Anhydrous  sodium  sulfate-— reagent  grade. 

,  .  5.  HPLC-grade  methanol. 

4.  STANDARDS 


A.  CALIBRATION  STANDARDS 

Separate  calibration  stock  solutions  are  prepared  for  each 
analyte.  A  composite  working  calibration  standard  is  prepared 
from  these  solutions. 

1.  The  RDX  stock  calibration  standard  (6,310  ug/ml)  is  prepared 
by  weighing  63.1  mg  of  RDX  in  a  10-ml  volumetric  flask, 
dissolving  the  RDX  in  a  few  ml  of  acetonitrile,  and  diluting 
to  the  mark  with  acetonitrile.  An  intermediate  RDX  stock 
calibration  standard  is  prepared  by  pipetting  1  ml  of  the 
RDX  stock  calibration  standard  into  a  100-ml  volumetric 
flask  and  diluting  to  the  mark  with  methanol  to  give  a 
solution  containing  63.1  ug/ml  of  RDX. 

2.  The  HMX  stock  calibration  standard  (5,320  ug/ml)  is  prepared 
by  weighing  53.2  mg  of  HMX  in  a  10-ml  volumetric  flask, 
dissolving  the  HMX  in  a  few  ml  of  acetonitrile  (a  drop  of 
acetone  is  added  to  aid  in  solubilisation),  and  diluting  to 
the  mark  with  acetonitrile.  An  intermediate  HMX  stock 
calibration  standard  is  prepared  by  pipetting  1  ml  of  the 
HMX  stock  calibration  standard  into  a  50-ml  volumetric  flask 
and  diluting  to  the  mark  with  methanol  to  give  a  solution 
containing  106.4  ug/ml  of  HMX. 

3.  The  PETN  stock  calibration  standard  (3,950  ug/ml)  is 
prepared  by  weighing  39.5  mg  of  PETN  in  a  10-ml  volumetric 
flask,  dissolving  the  PETN  in  a  few  ml  of  acetonitrile  (a 
drop  of  acetone  is  added  to  aid  in  solubilisation),  and 
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diluting  to  the  mark  with  acetonitrile.  An  intermediate 
PSTN  stock  calibration  standard  is  prepared  by  pipetting 
1  ml  of  the  PETN  stock  calibration  standard  into  a  50-ml 
volumetric  flask  and  diluting  to  the  mark  with  methanol  to 
give  a  solution  containing  79.0  ug/ml  of  PETN. 

4.  Prepare  a  series  of  composite  working  calibration  standards 
by  making  dilutions  of  the  intermediate  calibration 
standards  with  502  methanol/ 502  water  as  follows: 


Working 

Intermediate 

Volume 

Calibration 

Standard 

of  Standard 

Final 

Standard 

Diluted 

Used  (ml) 

Volume  (i 

B 

RDX 

5 

50 

HMX 

1 

PETN 

5 

C 

RDX 

5 

100 

HMX 

1 

PETN 

5 

0 

Standard  B 

5 

25 

E 

Standard  B 

5 

50 

F 

Standard  B 

5 

100 

Working 

Calibration 


Concentration  (ug/ml) 


Standard 

RDX 

HMX 

PETN 

B 

6.31 

2.13 

7.90 

C 

3.15 

1.06 

3.95 

D 

1.26 

0.426 

1.58 

E 

0.631 

0.213 

0.790 

F 

0.315 

0.106 

0.395 

B.  CONTROL  SPIKES 

1.  The  working  control  spike  solutions  are  prepared  in  the  sami 
manner  as  the  working  calibration  standards  using  the  same 
letter  designations  for  the  different  solutions;  therefore. 
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Che  Working  Control  Spike  Solution  B  hee  the  saae 
concentration  as  Che  Working  Calibration  Standard  B. 

2.  Pipette  2  ml  of  the  corresponding  working  control  spike 
solutions  into  500  al  of  standard  or  natural  water.  The 
solutions  used  are  selected  to  provide  a  concentration  range 
of  0.5  to  10  tiaes  the  desired  detection  liait. 

3.  Deteraine  the  precision,  accuracy,  and  detection  liaits  for 
each  analyte. 


Working 

Control 

Spike  Used 

Analyte  Concentration 
in  the  Working  Control 
Spike  Solution  (ug/al) 

Spiked  Analyte 
Concentration 
in  Water  (ug/L) 

— 

— 

0.0 

B 

RDX 

6.31 

25.2 

HMX 

2.13 

8.5 

PETR 

7.90 

31.6 

C 

RDX 

3.15 

12.6 

HMX 

1.06 

4.26 

PETN 

3.95 

15.8 

D 

RDX 

1.26 

5.04 

HMX 

0.426 

1.70 

PETN 

1.58 

6.32 

E 

RDX 

0.631 

2.52 

HMX 

0.213 

0.851 

PETN 

0.790 

3.16 

F 

RDX 

0.315 

1.26 

HMX 

0.106 

0.426 

PETN 

0.395 

1.58 

PROCEDURE 

A.  EXTRACTION 

1.  Measure  500  al 

of  the  water  saaple  into  a 

1-L  separatory 

funnel. 

2.  Check  the  pH  of  the  san 

iple  with  pH  peper. 

and  adjust  the 

to  neutral,  if  necessary. 
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3.  Extract  the  sample  sequentially  with  three  100-ml  portions 
of  methylene  chloride.  After  each  portion  has  been  added, 
shake  the  funnel  vigorously  for  at  least  5  minutes. 

4.  Let  the  layers  separate  for  about  2  minutes  after  each 
extraction. 

5.  Draw  off  the  methylene  chloride  and  pass  through  a  glass 
funnel  filled  with  a  small  plug  of  glass  wool  and  about 

1  inch  of  anhydrous  sodium  sulfate  into  a  500-ml  K-D  flask 
fitted  with  a  10-ml  K-D  receiver. 

6.  After  the  third  extract  has  been  transferred  to  the  K-D 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with 
approximately  20  ml  of  methylene  chloride. 

7.  Add  a  boiling  chip  (Hengar)  to  the  methylene  chloride 
extract  in  the  flask  and  attach  a  3-ball  Snyder  column  to 
the  apparatus. 

8.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-0  apparatus  in  an  80 *C  water  bath.  Immerse  the  receiver 
of  the  K-D  nearly  up  to  the  joint. 

9.  The  balls  of  the  Snyder  column  should  actively  chatter  when 
the  solvent  is  evaporating. 

10.  When  the  apparent  volume  of  the  solution  remaining  in  the 
receiver  is  about  1  ml,  remove  the  apparatus  from  the  water 
bath  and  allow  to  cool.  After  about  1  ml  of  methylene 
chloride  has  drained  into  the  receiver,  remove  the  receiver 
from  the  K-D  flask. 

11.  Add  approximately  2  ml  of  HPLC  methanol  to  the  receiver. 
Attach  a  2-ball  micro-Snyder  column  and  reconcentrate.  When 
the  apparent  volume  in  the  receiver  reaches  0.5  ml,  remove 
the  receiver  from  the  water  bath. 

12.  Repeat  Step  11  two  times. 

13.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube  rinsing 
quantitatively  with  HPLC  acetonitrile.  Raise  the  extract 
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volume  Co  1.0  ml  in  Che  cencrifuge  Cube  wich  HPLC  meChanol. 
Dilute  to  2  ml  with  HPLC  water. 

14.  Transfer  co  a  5 -ml  amber,  septum-sealed  vial  for  storage  at 
4*C. 

15.  The  extract  is  now  ready  for  chromatography  by  HPLC. 


B.  CALIBRATION 

1.  Inject  Working  Calibration  Standards  G,  F,  E,  D,  C,  and  B 
and  a  blank  singly  at  the  beginning  of  the  analytical  run. 
Inject  Working  Calibration  Standard  D  at  the  conclusion  of 
the  analytical  run  to  verify  constant  instrument  response. 

2.  Plot  the  normalized  integrator  areas  versus  nanograms /micro¬ 
liter  of  each  standard  to  obtain  a  working  curve. 

C.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  according  to  the 
conditions  given  in  Section  3(B). 

3.  Measure  the  response  of  the  sample  for  the  components  of 
interest . 

6.  CALCULATIONS 

Determine  the  concentration  of  RDX  according  to  the  following  formula: 


Concentration  (ug/L)  ■ 


UXV,) 


where:  A  *  Concentration  (ug/ml)  of  analyte  found  in  the  sample 
by  comparison  with  the  appropriate  standard  curve 
(ug/ml), 

Vt  •  Volume  of  total  extract  (ml),  and 
V,  *  Volume  of  initial  sample  extracted  (L). 
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7.  REFERENCES 
None  found . 

8.  DATA 

See  attached  data  sheets. 
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Chromatogram  of  Standard  Water  Spiking  Experiment 

Analyte  Amount  Spiked  Retention  Tii 

RDZ  12.6  ug/L  7.J&7  ain 

HMX  4.3  ug/L  11.78  ain 

PETH  15.8  ug/L  13.91  ain 


F£Tf.  <  LC  /L )  CTAfCAFG  UATtR 


TARGET 

CCMC£.\‘Tp  AT  ION 

X 

QAY 

2 

3 

4 

0 . 0  0  C  0 

C.GCGO 

C.OGGO 

O.GOCO 

C .CCOO 

1.5* 

1.5a 

1.47 

M* 

• 

rH 

1.6C 

3.16 

3.36 

2.99 

3.79 

3.0  2 

6.32 

£  .60 

5.50 

6.23 

5*24 

1 5  •  c 

13. C 

14. b 

15.0 

13.9 

31.6 

28.4 

29.4 

27.8 

28.4 

TARGET 

concentration 

AVERAGE 
FOUND  VALUE 

STAN CARD 
DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

f  .  C  0  0  c 

C  •  G  C  L  w> 

u.lCCG 

C.CGCO 

C.OGOO 

1.58 

1.54 

0  •  059 1 

3.63 

-2.5734 

3 . 16 

3.28 

0.372 

11.3 

3.96 

6  •  3  £ 

6.64 

1.76 

26.5 

5.10 

15.8 

14.1 

0.871 

6.17 

-10.712C 

31.6 


28.5 


0*663 


2.33 
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TARGET  FOUND 


HMX  (UC/L)  sTANQAPD  WATER 


TARGET 

CONCENTRATION 

1 

▲ 

DAY 

c 

3 

4 

0. uGGO 

O.QCOO 

G  •  0  0  G  0 

c.coco 

0.0  00  0 

2  .42  6 

C  •  42.6 

0  •  4  c  b 

0.450 

0.512 

G  .851 

0.833 

0.75  2 

1.24 

0.673 

1.70 

1.57 

1.53 

1.28 

1.74 

4  •  2  b 

3.36 

2.59 

4.56 

4.22 

8.51 

6.46 

5.99 

6.05 

6.43 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

"  .  C  C  0  0 

o.ocoo 

0.0000 

0.0000 

O.CGCO 

0.42  6 

0.453 

0.0406 

8.95 

6.46 

0.851 

C  •  8  74 

0.252 

28.  S 

2.76 

1.7C 

1.53 

0.190 

12.4 

-10.1G5G 

4.26 

3.78 

0.731 

19.3 

-11.1255 

8.51 

6.23 

0.247 

3.56 

-26.7796 

TARGET  FOUND 


DETECTION  UNIT  ■  1.D47DI 


RCX  C.G/L)  STANDARD 

-ATEP 

TAFGtT 

CONCENTS  AT  ICN 

1 

DAY 

2 

3 

4 

C  .  0  0  0  C 

0.0000 

0.351 

0.0800 

0.370 

1.26 

1.72 

1.46 

1.57 

c.  •  G  2z 

2.52 

3.2S 

2.61 

2.62 

2.86 

5.04 

5.66 

4.97 

5.43 

5.08 

12.6 

12.6 

11.7 

12.0 

11.9 

25.2 

25.0 

24.5 

24.0 

23.1 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

3.0000 

0.200 

0.188 

93.9 

0.0000 

1.26 

1.70 

0.237 

13.9 

34.7 

2.52 

2.62 

0.277 

9.81 

12.0 

5  .  C  4 

5.28 

0.318 

6.01 

4.86 

12.6 

12.0 

0.393 

3.26 

-4.4444 

25.2 

24.1 

o .  e  i  o  - 

3.36 

-4.1667 

16 
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P£LTN  (UG/L)  natural  water 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0  •  0  C  0 

C .30CC 

G  •  G  C  3  0 

C  •  &  0  C  0 

1.17 

1.58 

0.700 

0.814 

1.41 

2.71 

3.16 

3.20 

2.32 

4.54 

5.16 

6.32 

.  5.75 

5.99 

5.33 

8.65 

15.8 

15.7 

14.7 

14.9 

15.6 

31.6 

26.6 

28.0 

30.6 

28.1 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

G.QCCO 

0.292 

0.565 

200 

o.coco 

1.58 

1.41 

0.922 

65.4 

-10.85*4 

3.16 

3.80 

1.28 

33.8 

20. 4 

6.32 

6.43 

1.50 

23.4 

1.74 

15.8 

15.2 

0.499 

3.28 

-3.6392 

31.6 

28.3 

1.66 

5.87 

-10.3639 

i 
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H'-'X  (L.G/L)  .NATURAL  WATER 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0 . 1 0  G  2 

C  .  G  0  Q  9 

0.0000 

0 . 0000 

G  .  0  3  0  0 

G.426 

0.363 

0.469 

0.359 

0.461 

0.852 

1.01 

0.670 

0.814 

0.650 

1.70 

1.69 

1.74 

1.10 

2.17 

4.26 

4.29 

2.85 

3.12 

3.01 

8.52 

8.49 

7  #22 

7.36 

5.70 

TAR6ET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0  .  G  0  0  0 

O.CCGO 

O.GOCO 

O.GOCC 

0 . 0  0  0  G 

0.426 

0.413 

0.06Q2 

14.6 

-3.0517 

0.852 

0.836 

0.140 

16.8 

-1.8193 

1.70 

1.67 

0.440 

26.3 

-1.4706 

4.26 

3.32 

0.658 

19.8 

-22.1244 

8.52 

7.19 

1.15 

15.9 

-15.5810 
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PfjX  (UC/L)  NATfPAL  1.ATER 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

w .  j  r :  o 

c  •  a  c  c  c 

1.10 

0.0000 

1.12 

1.26 

1.56 

2.10 

1.36 

2.60 

2.52 

2  .57 

3.30 

2.87 

5.4C 

5.04 

4.74 

5.40 

5.03 

6.20 

12.6 

12.2 

11.7 

12. 0 

12.5 

25.2 

20.9 

24.0 

26.5 

23.7 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNC  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

C.555 

0.641 

lib 

C  .  0  C  C  0 

1.26 

1.85 

0.607 

32.7 

47.2 

2.5? 

3.53 

1.28 

56.2 

40.3 

5.04 

5.34 

0.632 

11.8 

6.00 

12.6 

12.1 

0.342 

2.82 

-3.7302 

25.2 

23.8 

2.28 

9.64 

-5.6548 

23 
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PETN,  ttlX,  AND  RDX  IN  SOIL  SAMPLES 

1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  PETN,  fWX,  and  RDX. 


A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  ranges  in  natural  and  standard  soil  are 
listed  below: 


Analyte 


Range  (ug/g) 
0.8  to  16.0 


HMX 


0.79  to  15.8 


RDX 


0.96  to  19.2 


B.  SENSITIVITY 

The  normalized  responses  (integrator  counts)  at  the  natural  soil 
detection  limits  designated  in  Section  1(C)  are  listed  below: 


Analyte 

Integrator  Counts 

Nanograma 

PETN 

53,900 

191 

HMX 

354,000 

325 

RDX 

203,000 

224 

The  normalized  responses  (integrator  counts)  at  the  standard 
soil  detection  limits  designated  in  Section  1(C)  are  listed 


below: 

Analyte 

Integrator  Counts 

Nanograma 

PETN 

54,600 

188 

HMX 

286,000 

261 

RDX 

128,000 

147 

1 


AMD. 2/MERT4. 2 
07/19/82 


C.  DETECTION  LIMIT 


The  deCection  limits  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  are  listed  below: 

Analyte  Detection  Limit  (ug/g) 


PETN 

HMX 

RDX 


2.3 

4.1 


2.7 


The  detection  limits  in  standard  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  are  listed  below: 

Analyte  Detection  Limit  (ug/g) 


PETN 

HMX 

RDX 


2.4 


4.6 


1.9 


D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile 
organic  compounds  which  absorb  light  at  215  nm  and  are  extract- 
able  from  soil  with  methylene  chloride/ acetone.  Interferences 
are  minimized  by  silica-gel  cleanup. 


E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
10  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  eight  extractions  in  an  8-hour  day. 

CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 


REGISTRY 

NUMBER 

CAS  Registry 

Analyte 

Alternate  Nomenclature 

Number 

PETN 

Pentaerythrite  tetranitrate 

Pentaerythritol  tetranitrate 

2, 2-Bis { (nitrooxy)-methyl )- 

78-11-5 

1,3-Propanediol  dinitrate  (ester) 

AMD.2/MERT4.3 
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CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

Nitropentaerythritol 
Pentrit 


HMX  Cyclotetramethylenetetranitranine  2691-41-0 

Octahydro-1, 3, 5, 7-tetrazocine 
1,3,5, 7-Tetranitro-l , 3, 5, 7- 
tetrazacyclooctane 
Octogen 

RDX  Cyclotrimethylenetrinitramine  121-84-4 

Hexogen,  T-4,  Cyc Ionite,  Hexahydro- 
1 , 3, 4-tr initro-s-triazine 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


Analyte 

Formula 

Melting 

Point  CC) 

Boiling 

Point 

Density 

(jt/ml) 

PETN 

C5H8°12N4 

141 

180  at 

50  torr 

1.77 

HMX 

c4h8°8n8 

276 

— 

1.77-1.96 

RDX 

c3h6o6n6 

204.1 

— 

1.816 

*  There  are  four  polymorphic  forma  of  HMX  with  this  range  of 
densities. 


Chemical  Structures 


PETN 


CH2  no3 

O3NH2C - C  — CH2  NO3 

CH2  NO3 
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CH2 -  N 

/  \ 

N  N  CH2 

«  I 

CH2  Hv 

\  /  no2 

N -  CH2 

no2-"''' 


NO  5 

I 

N 

/  \ 

ch2  ch2 

I  I 

N  N 

/\  /\ 

o2n  ch2'  no2 


C.  CHEMICAL  REACTIONS 

All  of  these  compounds  are  highly  explosive,  and  caution  should 
be  used  in  handling.  Each  compound  is  subject  to  alkaline 
hydrolysis  in  aqueous  solution. 

3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  a 
Perkin-Elmer  LC-75  variable-wavelength  detector  interfaced  to  a 
Spectra  Physics  Model  4100  computing  integrator. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin  Elmer  LC-75  variable-wavelength  detector 

(A  ■  215  nm) 

2.  Column:  Zorbax-CK  (4.6-v  ID  x  25  cm) 

Particle  sise:  7-8  urn 
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3.  Flow  Rate/Mobile  Phase:  l  ml/min 

352  H20/652  methanol 

4.  Temperature:  22 *C 

5.  Injection  Volu&e:  20  ul,  fixed  loop 


Retention  Times : 
Analyte 


Retention  Time  (Minutes) 


C.  HARDWARE /GLASSWARE 

1.  50-liter  centrifuge  tubes  with  Teflon*- lined  screw  caps  (8); 

2.  500-ml  K-D  evaporative  flasks  (8); 

3.  10-ml  graduated  K-D  receivers  (8); 

4.  3-ball  Snyder  coliann  (8); 

5.  2-ball  micro-Snyder  column  (8); 

6.  15-ml  graduated  centrifuge  tubes  (8);  and 

7.  10-ml  glass  or  polyethylene  syringes  with  Luer-lock 
attachments  (10). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC -grade  methyl  alcohol — J. T.  Baker  Company; 

3.  HPLC-grade  water — J.T.  Baker  Company; 

4.  Anhydrous  sodium  sulfate-reagent  grade; 

5 .  Nanograde  hexane ; 

6.  Nanograde  acetone;  and 

7.  Silica-Gel  Sep-Paka* — Waters  Associates. 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

Separate  calibration  stock  solutions  are  prepared  for  each 
analyte.  A  composite  working  calibration  standard  is  prepared 
from  these  solutions. 
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The  RDX  stock  calibration  standard  (1.92  mg/ml)  is  prepared 
by  weighing  47.9  mg  of  RDX  into  a  25-ml  volumetric  flask, 
dissolving  the  RDX  in  a  few  ml  of  acetonitrile,  and  diluting 
to  the  mark  with  acetonitrile. 

The  HMX  stock  calibration  standard  (7.91  mg/ml)  is  prepared 
by  weighing  79.1  mg  of  HMX  in  a  10-ml  volumetric  flask, 
dissolving  the  HMX  in  a  few  ml  of  acetonitrile  (a  drop  of 
acetone  is  added  to  aid  in  solubilisation),  and  diluting  to 
the  mark  with  acetonitrile.  An  intermediate  HMX  stock 
calibration  standard  is  prepared  by  pipetting  5  ml  of  the 
HMX  stock  calibration  standard  into  a  50-ml  volumetric  flask 
and  diluting  to  the  mark  with  acetonitrile  to  give  a 
solution  containing  791  ug/ml  of  HMX. 

The  PETN  stock  calibration  standard  (8.0  mg/ml)  is  prepared 
by  placing  the  entire  SARM  solution  (200  mg  PETN)  in  a  25-ml 
volumetric  flask  and  diluting  to  the  mark  with  acetonitrile. 
An  intermediate  PETN  stock  calibration  standard  is  prepared 
by  pipetting  5  ml  of  the  PETN  stock  calibration  standard 
into  a  50-ml  volumetric  flask  and  diluting  to  the  mark  with 
acetonitrile  to  give  a  solution  containing  800  ug/ml  of 
PETN. 

Prepare  a  series  of  composite  working  calibration  standards 
by  making  dilutions  of  the  intermediate  calibration 
standards  for  PETN  and  HMX  and  the  stock  calibration 
standard  for  RDX.  Dilute  with  50Z  methanol/50Z  water  as 
follows: 


! 
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Working  Calibration 
Standard 

Standard 

Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 

Volume  (ml) 

B 

RDX  (stock) 

1 

25 

HMX 

2 

PETN 

2 

C 

RDX  (stock) 

1 

50 

HMX 

2 

PETN 

2 

D 

Standard  B 

5 

25 

E 

Standard  B 

5 

50 

F 

Standard  B 

5 

100 

Working  Calibration 

Concentration  (ug/ml) 

Standard 

RDX 

HMX 

PETN 

B 

76.8 

63.3 

64 

C 

38.4 

31.6 

32 

D 

15.3 

12.7 

12.8 

E 

7.7 

6.3 

6.4 

F 

3.8 

3.2 

3.2 

B.  CONTROL  SPIKES 

1.  Prepare  Control  Spike  Solution  A  for  RDX  by  diluting  5  ml  of 
the  calibration  standard  stock  (concentration  1.92  mg/ml)  to 
SO  ml  with  acetone . 

2.  Prepare  Control  Spike  Solution  B  for  RDX  by  diluting  5  ml  of 
the  stock  control  spike  solution  to  50  ml  with  acetone. 

3.  Prepare  Control  Spike  Solution  C  for  HMX  and  PETN  by  com¬ 
bining  1  ml  each  of  the  calibration  standard  stock  for  HMX 
and  the  calibration  standard  stock  for  PETN  in  a  25-ml 
volumetric  flask  and  diluting  to  volume  with  acetone. 

4.  Prepare  Control  Spike  Solution  D  for  HMX  and  PETN  by 
diluting  5  ml  of  Control  Spike  Solution  C  to  SO  ml  with 
acetone . 
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Control 

Spike  Solution 


A  (RDX) 

B  (RDX) 

C  (HMX,  PETN) 
D  (HMX,  PETN) 


Control 

Spike  Solution 


A  (RDX) 

B  (RDX) 

C  (HMX,  PETN) 
D  (HMX,  PETN) 


Concentration 

(ug/ml) 


316,  320 
31.6,  32 


Standard  Diluted 
Stock  Calibration 
Control  Spike  A 
Stock  Calibration 
Control  Spike  C 


Dilution 

(ml) 


Final 

Volume  (ml) 


5.  Allow  the  soil  sample  to  air  dry  on  the  dull  side  of 
aluminum  foil  until  it  can  be  sieved  through  a  30-mesh 
sieve.  (Sediment  samples  are  extracted  wet.) 

6.  Heigh  20  g  of  sieved  soil  or  wet  sediment  into  a  50-ml 
centrifuge  tube  with  a  Teflon*-lined  screw  cap. 

7.  Pipette  a  known  amount  of  the  control  spike  solutions  for 
RDX,  HMX,  and  PETN  onto  the  20-g  soil  sample.  The  quantity 
spiked  should  be  selected  to  provide  a  concentration  of  0.5 


to  10.0  times  the  detection  limit. 


RDX  Control 
Spike  Solution 


Spike  Volume 
(ml) 


Concentration  of  Spiked 

_ Soil  (ug/g) _ 

RDX 
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HMX/PETN 
Control  Spike 

Spike  Volume 

Concentration  of 
Soil  (ug/g) 

Spiked 

Solution 

(ml) 

HMX 

PETN 

D 

0.5 

0.79 

0.80 

D 

1.0 

1.6 

1.6 

D 

2.0 

3.2 

3.2 

C 

0.5 

7.9 

8.0 

C 

1.0 

16 

16 

8.  Allow  Che  soil  Co  sir  dry  for  at  lease  1  hour.  Shake  Che 

soil  Co  ensure  mixing  of  Che  spiking  soluCion  throughout  che 
sample. 

PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Let  all  soil  samples  air  dry  on  the  dull  side  of  aluminum 
foil  until  they  are  suitably  dry  so  they  can  be  sieved 
through  a  30-mesh  sieve. 

2.  Sample  Che  sieved  soil  by  quartering  and  weighing  20  g  into 
a  50-ml  centrifuge  Cube. 

B .  EXTRACTION 

1.  Add  35  ml  of  20Z  acetone  in  methylene  chloride  to  the 
centrifuge  tube. 

2.  Cap  the  tube  and  shake  for  3  to  5  minutes. 

3.  Extract  the  sample  sequentially  with  three  35-ml  portions  of 
the  methylene  chloride/acetone  mixture. 

4.  Decant  off  the  methylene  chloride/acetone  mixture  each  time 
and  pass  through  a  glass  funnel  filled  with  a  small  plug  of 
glass  wool  and  approximately  1  inch  of  anhydrous  sodium 
sulfate  into  a  500-ml  R-D  flask  fitted  with  a  10-ml  R-D 
receiver. 

5.  After  the  third  extract  has  been  transferred  to  the  R-D 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with 
approximately  20  ml  of  methylene  chloride. 
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6.  Add  a  boiling  chip  (Teflon*)  to  the  methylene  chloride 
extract  in  the  flask,  and  attach  a  3-ball  Snyder  column  to 
the  apparatus. 

7.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath.  Immerse  the  receiver 
of  the  K-D  nearly  up  to  the  joint. 

8.  The  balls  of  the  Snyder  column  should  actively  chatter  when 
the  solvent  is  evaporating. 

9.  When  the  apparent  volume  of  the  solution  remaining  in  the 
receiver  is  about  1  ml,  remove  the  apparatus  from  the  water 
bath  and  allow  to  cool.  After  about  1  ml  of  solvent  has 
drained  back  into  the  receiver,  remove  the  receiver  from  the 
K-D  flask. 

10.  Add  approximately  2  ml  of  nanograde  hexane  to  the  receiver. 
Attach  a  2-ball  micro-Snyder  column  and  reconcentrate.  When 
the  apparent  volume  in  the  receiver  reaches  0.5  ml,  remove 
the  receiver  from  the  water  bath. 

11.  Repeat  Step  10  twice. 

12.  Detach  the  micro-Snyder  column  from  the  receiver.  With  a 
dispo  pipette,  transfer  the  extract  into  a  10-ml  glass 
syringe  fitted  with  a  silica-gel  Sep-Pak*.  Rinse  the 
receiver  three  times  with  2  ml  of  20Z  methylene  chloride  in 
hexane  solution,  transferring  each  rinse  to  the  10-ml 
syringe.  Set  aside  the  receiver  for  later  use. 

13.  Pass  the  combined  rinses  through  the  silica-gel  Sep-Pak*  at 
a  rate  of  approximately  1  to  2  ml/min,  discarding  the 
eluate. 

14.  Quantitatively  rinse  the  K-D  receiver  from  Step  12  three 
times  with  a  total  of  1  to  2  ml  of  50Z  methanol  in  methylene 
chloride  solution,  transferring  each  rinse  to  the  10-ml 
syringe  fitted  with  the  silica-gel  Sep-Pak*.  Add  50X 
methanol  in  methylene  chloride  to  the  syringe  to  make  a 
total  volume  of  10  ml. 
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15.  Elute  the  silica-gel  Sep-Pak*,  with  the  10-ml  total  volume 
of  SOX  methanol  in  methylene  chloride,  into  another  10-ml 
K-D  receiver  at  a  rate  of  1  to  2  ml/min. 

16.  Add  a  Teflon*  boiling  chip  to  eluate,  attach  a  2-ball 
micro-Snyder  column,  and  concentrate  the  sample  on  a  water 
bath  heated  to  80*C.  When  the  apparent  volume  of  the 
solution  is  about  0.5  ml,  remove  the  apparatus  from  the 
water  bath. 

17.  Detach  the  micro-Snyder,  and  add  approximately  2  ml  of  HPLC 
methanol  to  the  receiver.  Reconcentrate  the  sample  to 

0.5  ml. 

18.  Repeat  Step  17  twice. 

19.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube  rinsing 
quantitatively  with  HPLC  methanol.  Raise  the  extract  volume 
to  exactly  2.5  ml  in  the  centrifuge  tube  with  HPLC  methanol. 
Dilute  to  5  ml  with  HPLC  water. 

20.  Transfer  to  a  5-ml  amber,  septum-sealed  vial  for  storage  at 
4*C . 

21.  The  extract  is  now  ready  for  chromatography  by  HPLC. 

C.  ANALYSIS 

1.  Inject  20  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  component  of  interest. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 

versus  peak  area  counts. 
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B.  Determine  the  concentration  of  RDX,  HMX,  and  PETN  according  to 
the  following  formula: 


Concentration  (ug/g) 


(A)(Vt) 


where:  A  *  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

Vt  *  Volume  of  total  extract  (ml),  and 
Wg  «  Weight  of  initial  sample  extracted  (g). 


7.  REFERENCES 
None  found. 


8.  DATA 

See  attached  data  sheets. 
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PETN. NATURAL  SOIL<MG/KG> 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0000 

0.0000 

0.290 

0.0000 

0.0000 

0.800 

C.840 

2.00 

0.900 

0.860 

1.60 

1.30 

1.60 

2.00 

1.50 

3.20 

3.30 

2.90 

3.50 

3.30 

8.00 

8.00 

6.70 

7.40 

16.0 

17.0 

14.0 

15.0 

16.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

C.OCOG 

0.0725 

0.145 

200 

0.0000 

0.800 

1.15 

0.567 

49.3 

43.7 

1.60 

1.60 

0.294 

18.4 

0.0000 

3.20 

3.25 

0.252 

7.74 

1.56 

8.00 

7.27 

0.562 

7.73 

-9.0625 

16.0 

15.5 

1.29 

8.33 

-3.1250 
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IGETI 


COEFF.-  0.9936 
T  -  2.31215 


i 

i 

*  • 

HMX, NATURAL  S0IL(M6/KG) 


•  * 

TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

4  . 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.790 

0.570 

0.460 

0.480 

0.620 

1.60 

1.50 

0.860 

1.10 

0.980 

.  • 

3.20 

2.40 

2.50 

2.20 

2.70 

- 

7.90 

6.30 

5.90 

5.80 

6.00 

•  * 

16.0 

12.0 

8.20 

9.60 

12.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANOARD 

deviation 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0 • 00  00 

0.0000 

0.0000 

0.0000 

0.79C 

0.532 

0.0754 

14.2 

-32.5949 

1.60 

1.11 

0.278 

25.0 

-30.6250 

3.20 

2.45 

0.208 

8.50 

-23.4375 

7.90 

6.00 

0.216 

3.60 

-24.0506 

16.0 

10.4 

1  •  88 

18.0 

-34.6875 
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ROX^NATURAL  SCIUMG/KG) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

C.0000 

0.310 

0.0000 

0.210 

0.180 

0.960 

1.20 

1.80 

0.950 

1.10 

1.90 

2.30 

1.80 

2.10 

2.00 

3.80 

3.80 

3.60 

4.00 

4.30 

9.60 

10.00 

8.00 

8.70 

9.10 

19.0 

19.0 

17.0 

19.0 

21.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

standard 

deviation 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.175 

0.129 

73.8 

0.0000 

0.960 

1.26 

0.373 

29.5 

31.5 

1.90 

2.05 

0.208 

10.2 

7.89 

3.80 

3.92 

0.299 

7.61 

3.29 

9.60 

8.95 

0.835 

9.33 

-6.7708 

19.0 

19.0 

'  1.63 

8.59 

-0.0000 

PETNfSTANDARD  S0IL<MG/KG> 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

O.GOOO 

o.ieo 

0.0300 

0.0000 

0.0000 

O.eOG 

1.20 

0.780 

1.10 

1.60 

1.60 

1.10 

1.60 

1.60 

1.40 

3.20 

2.70 

1.20 

2.50 

2.90 

8.00 

6.5d 

6.10 

7.10 

6.60 

16.0 

14.0 

13.0 

13.0 

15.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

i^recision 

PERCENT 

INACCURACY 

0.0000 

0.0525 

0.0862 

16* 

0.0000 

C.POO 

1.17 

0.338 

28.9 

46.2 

1.60 

1.42 

0.236 

16.6 

-10.9375 

3.20 

2.32 

0.768 

33.0 

-27.3438 

8.00 

6.57 

0.411 

6.26 

-17.8125 

16.0 

13.8 

0.957 

6.96 

-14.0625 
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TARGET 


HKX.STANDARD  SOIL(MG/KG> 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0000 

0.460 

0.140 

0.0000 

0.160 

0.790 

0.950 

1.90 

1.10 

1.20 

1.60 

1.50 

1.50 

1.50 

1.50 

3.20 

2.70 

2.50 

2.60 

3.10 

7.90 

8.10 

6.40 

5.00 

6.60 

16.0 

13.0 

10.00 

10.00 

14.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

c.ooeo 

0.195 

0.203 

104 

O.OOOC 

0.790 

1.29 

0.421 

32.7 

63.0 

1 . 6  C 

1.50 

O.OOOQ 

0.0000 

-6.2500 

3.20 

2.72 

0.263 

9.65 

-14.6438 

7.90 

6.52 

1.27 

19.4 

-17.4051 

16.  C 

11.6 

2.06 

17.5 

-26.5625 
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GET  FOUND 


TARGET 

MR.  COEFF.-  8.9731  FOUND  -  8.4788+  8.7139838TARGET 

LIMIT  -  4. €2817 


RDX  .STANDARD  SOIL 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0000 

0.420 

0.0800 

0.150 

0.240 

0.960 

1.50 

0.890 

1.33 

1.60 

1.90 

2.70 

1.90 

2.10 

2.30 

3.80 

3.80 

3.60 

4.10 

3.20 

9.60 

8.30 

9.10 

9.10 

8.70 

19.0 

18.0 

17.0 

19.0 

19.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.2  22 

0.147 

66.1 

0.0000 

C.960 

1.33 

0.314 

23.6 

38.5 

1.93 

2.25 

0.342 

15.2 

18.4 

3.80 

3.67 

0.377 

10.3 

-3.2895 

9,60 

8.60 

0.383 

4.35 

-8.3333 

19.0 

18.3 

0.957 

5.25 

-3.9474 

TARGET  FOU 


s 

£ 


TARGET 

MtR.  COEFF • *  0.9976  FOUND  •  0.29684  8.939927*TARGET 

LIMIT  -  1.89484 
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HMX  IN  HATER  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  determination  of 
HMX  in  environmental  water  samples. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  standard  and  natural  water  is 
0.63  to  12.7  ug/L. 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts  corrected  for 
attenuation)  at  the  natural  water  detection  limit  is  55,000  area 
counts  corresponding  to  a  quantity  of  61.3  ng,  and  165,000  area 
counts  for  185  ng  at  the  standard  water  detection  limit. 

C .  DETECTION  LIMIT 

The  detection  limits  in  standard  and  natural  water  samples 
calculated  by  the  Hubaux  and  Vos  procedure  are  3.0  ug/L  and 
0.98  ug/L,  respectively. 

D .  INTERFERENCES 

No  interferences  were  encountered  in  samples  of  natural  water. 
However,  this  method  may  be  subject  to  interferences  from 
neutral,  methylene  chloride-extractable  species  trfiich  absorb 
light  at  230  nm. 

E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze  six 
extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  six  extractions  in  an  8-hour  day. 
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2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

HMX  Cyclotetramethylenetetranitramine  2691-41-0 

Oc  tahydro- 1,3,5, 7-tetr azoc ine 
1,3,5, 7-Tet r ani tro-1 ,3,5,7- 
tetrazacyclooctane 
Octogen 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


Melting 

Boiling 

Density 

Analyte 

Formula 

Point  (*C) 

Point 

(g/ml) 

HMX 

C4H8°8N8 

276 

1.77-1.96* 

*  There  are  four  polymorphic  forms  of  HMX  with  this  range  of 
densities. 


Chemical  Structure 


O2N, 


/ 

V 

l 

CH2 
\ 
no2' 


CH2— —  N 


✓*>2 

\ 


ch2 

I 


/ 


no2 


•ch2 


C.  CHEMICAL  REACTIONS 

HMX  is  highly  explosive,  and  caution  should  be  used  in  handling. 
HMX  is  subject  to  alkaline  hydrolysis  in  aqueous  solution. 
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APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  a 
Perkin-EImer  LC-75  variable-wavelength  detector  interfaced  to  a 
Spectra  Physics  Model  4100  computing  integrator. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin-EImer  LC-75  variable-wavelength  detector 

(  X  -  230  nm) 

2.  Column:  Ultrasphere-CN  (4.6-mm  ID  x  25  cm) 

Particle  size:  5  um 

3.  Flow  Rate/Mobile  Phase:  1  ml/min 

352  water/652  methanol 

4.  Temperature:  22 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  6.9  minutes 

C.  HARDWARE /SUSS  WARE 

1.  i-iiter  sep4i'atuvy  iu*-:tls  (Teflon*  or  glass)  (8). 

2.  500-ml  K-D  fx.i7.k5  id). 

3.  15-ml  K-D  receivers  (8). 

4.  3-ball  Snyder  columns  (8). 

5.  2-ball  micro-Snyder  columns  (8). 

6.  10-ml  graduated  centrifuge  tubes  (8). 

7.  Disposable  glass  pipette. 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride — J.T.  Baker  Company. 

2.  HPLC-grade  acetonitrile— J .T.  Baker  Company. 

3.  HPLC-grade  water— J.T.  Baker  Company. 

4.  Anhydrous  sodium  sulfate— reagent  grade. 

5.  HPLC-grade  methanol. 
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4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  HMX  stock  calibration  standard  (7.9  mg/ml)  is  prepared 
by  weighing  79.1  mg  of  HMX  in  a  10-ml  volumetric  flask, 
dissolving  the  HMX  in  a  few  milliliters  of  acetonitrile  (a 
drop  of  acetone  is  added  to  aid  in  solubilization),  and 
diluting  to  the  mark  with  acetonitrile. 

2.  An  intermediate  stock  calibration  standard  is  prepared  by 
pipetting  1  ml  of  the  HMX  stock  calibration  standard  into  a 
25-ml  volumetric  flask  and  diluting  to  the  mark  with 
methanol  to  give  a  solution  containing  316.4  ug/ml  of  HMX. 

3.  Prepare  the  working  calibration  standards  by  making 
dilutions  of  the  intermediate  stock  calibration  standard  and 
Working  Calibration  Standard  A  with  50Z  methanol/50Z  water 


as  follows: 

Working 

Calibration 

Standard 

Standard  Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 
Volume  (i 

A 

Intermediate  Stock 

1 

100 

B 

Intermediate  Stock 

0.5 

100 

C 

Working  Standard  A 

5 

25 

D 

Working  Standard  A 

5 

50 

E 

Working  Standard  A 

5 

100 

Working  Calibration 

Standard 

Concentration 

(ug/ml) 

A 

3.16 

B 

1.58 

C 

0.63 

D 

0.32 

E 

0.16 

B.  CONTROL  SPIKES 

1.  Prepare  the  stock  control  spiking  solution  (316.4  ug/ml)  by 
diluting  1  ml  of  the  stock  calibration  standard 
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(concentration:  7.9  mg/ml)  to  volume  with  acetonitrile  in  a 
25-ml  volumetric  flask. 

2.  Prepare  the  working  control  spike  solutions  as  follows: 


Final 

Working  Control 

Volume 

Volume 

Spike  Solution 

Solution  Used 

(ml) 

(ml) 

A 

Stock  control 
spike  standard 

1 

50 

B 

Working  Control 
Spike  Standard  A 

5 

50 

3. 


4. 


Pipet  a  known  amount  of  the  working  control  spike  solutions 
into  standard  water.  The  quantity  spiked  should  be  selected 
to  provide  a  concentration  of  0.5  to  10  times  the  detection 
limit. 

Determine  the  accuracy  and  detection  limit  for  the  analyte 
in  standard  water  by  pipetting  the  working  control  spike 
solutions  into  500  ml  of  standard  water  and  analyzing 
according  to  the  procedure  outlined  in  Section  5. 


Working  Control 


Volume 


Concentration 


Spike  Solution 

Spiked  (ml) 

(ug/L) 

— 

— 

0 

B 

0.5 

0.63 

B 

1.0 

1.27 

B 

2.0 

2.53 

A 

0.5 

6.33 

A 

PROCEDURE 

1.0 

12.7 

A.  EXTRACTION 

1 .  Measure  500 

ml 

of  the  water  sample  into  a 

1-L  separatory 

funnel. 

2.  Check  the  pH  of  the  sample  with  pH  paper. 

and  adjust  the 

to  neutral, 

if 

necessary. 
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3.  Extract  the  sample  sequentially  with  three  100-ml  portions 
of  methylene  chloride.  After  each  portion  has  been  added, 
shake  the  funnel  vigorously  for  at  least  5  minutes. 

4.  Let  the  layers  separate  for  about  2  minutes  after  each 
extraction. 

5.  Draw  off  the  methylene  chloride  and  pass  through  a  glass 
funnel  containing  a  small  plug  of  glass  wool  and  about 

1  inch  of  anhydrous  sodium  sulfate  into  a  500-mi  K-D  flask 
fitted  with  a  10-ml  K-D  receiver. 

6.  After  the  third  extract  has  been  transferred  to  the  K-D 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with 
approximately  20  ml  of  methylene  chloride. 

7.  Add  a  boiling  chip  (Hengar)  to  the  methylene  chloride 
extract  in  the  flask,  and  attach  a  3-ball  Snyder  column  to 
the  apparatus. 

8.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath.  Immerse  the  receiver 
of  the  K-D  nearly  up  to  the  joint. 

9.  The  balls  of  the  Snyder  column  should  chatter  actively  when 
the  solvent  is  evaporating. 

10.  When  the  apparent  volume  of  the  solution  remaining  in  the 
receiver  is  approximately  1  ml,  remove  the  apparatus  from 
the  water  bath  and  allow  to  cool.  After  about  1  ml  of 
methylene  chloride  has  drained  into  the  receiver,  remove  the 
receiver  from  the  K-D  flask. 

11.  Add  approximately  2  ml  of  HPLC-grade  methanol  to  the 
receiver.  Attach  a  2-ball  micro-Snyder  column  and 
reconcentrate.  When  the  apparent  volume  in  the  receiver 
reaches  0.5  ml,  remove  the  receiver  from  the  water  bath. 

12.  Repeat  Step  11  two  times. 

13.  Detach  the  micro-Snyder  coluam  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube,  rinsing 
quantitatively  with  HPLC-grade  acetonitrile.  Raise  the 
extract  volume  to  1.0  ml  in  the  centrifuge  tube  with  HPLC- 
grade  methanol.  Dilute  to  2  ml  with  HPLC-grade  water. 
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14.  Transfer  to  a  5 -ml  amber,  septum-sealed  vial  for  storage  at 
4  *C. 

15.  The  extract  is  now  ready  for  HPLC  analysis. 

B .  CALIBRATION 

1.  Inject  Vorking  Calibration  Standards  E,  D,  C,  B,  and  A  and  a 
blank  singly  at  the  beginning  of  the  analytical  run.  Inject 
Working  Calibration  Standard  C  at  the  conclusion  of  the 
analytical  run  to  verify  constant  instrument  response. 

2.  Plot  the  normalized  integrator  areas  versus  nanograms 
injected  of  each  standard  to  obtain  a  working  curve. 

C.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  according  to  the 
conditions  given  in  Section  3(B). 

3.  Measure  the  response  of  the  sample  for  the  HMX  peak. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 

versus  peak  area  counts. 


B.  Determine  the  concentration  of  HMX  according  to  the  following 
formula: 


...  ,  (A)(Vf ) 

Concentration  (ug/L)  ■  -■  ■ — 

vs 

where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

Vc  ■  Volume  of  total  extract  (ml),  and 
Vg  ■  Volume  of  initial  sample  extracted  (L). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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HNX  »  ST  AND  AR  C  H2C<UC-/L) 

TARGET 

CONCENTRATION 

1 

CAY 

2 

3 

4 

0 . 0  00  c 

C.10G0 

0.0000 

0.0000 

0.142 

C  .633 

C.517 

0.343 

0.607 

0.512 

1.27 

0.917 

1.02 

0.962 

1.28 

2.53 

1.71 

2.07 

1.96 

2.60 

6.33 

4.16 

4.63 

5.23 

6.46 

12.7 

9. 60 

9.97 

10.3 

13.0 

target 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

c . :  ■;  c  c 

r.Oc'.'f 

C.0719 

119 

o.ooco 

0  .633 

t  .  4  9  5 

0.110 

22.3 

-21.6404 

1.27 

1.04 

0.162 

15.5 

-17.7362 

2.53 

2.09 

0.373 

17.8 

-17.3913 

6.33 

5.12 

1.00 

19.6 

-19.0363 

12.7 

10.7 

1.55 

14.4 

-15.6102 

TARGET  FOUND 


in  w  u- 

ro  co 
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TARGET 

CORR.  COEFF.**  0.9840  FOUND  -  -0.0281+  0. 8396739TARCET 

DETECTION  LIMIT  -  2.92953 


HHX  «  N  ATUK  A*L  H2CCUG/L) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

a .  o  o  o  o 

0.D0Q0 

3.0000 

0.0000 

0.0000 

C.63  0 

G.34Q 

0.510 

0.360 

0.350 

1.27 

0.87C 

0.750 

0.850 

0.890 

2.53 

1.77 

1.85 

1*74 

1.69 

fc.33 

4.53 

4.75 

4.95 

4.74 

12.7 

10.4 

10.4 

10.5 

9.56 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNC  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

.  •  J 

«  •  C  c’  J  J 

0 .0  G  CG 

0.0000 

0.0000 

0.630 

j  •  2  4  G 

0  .  C  2 1  b 

6.35 

-46.C318 

1.27 

C-.R4  0 

0 . C  622 

7.40 

-33.8583 

2.F  3 

1.76 

G.C670 

3.80 

-30.336C 

6.3  3 

4.73 

C.184 

3.89 

-25.1975 

12.7 

1C. 2 

0.439 

4.30 

-19.5669 
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TARGET  FOUND 


in  m 

-«  &  so  ro  <s 


n 


TARGET 

CORR.  COEFF. *  0.9982  FOUND  *  -0.18074  0. 808901 t TARGET 

DETECTION  LIMIT  *  0.9887 


TARGET  FOUND 


TARGET  FOUND 
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TARGET  FOUND 


15 


DETECTION  UNIT  «  1.03759 


TARGET 


TARGET 

CORR.  COEFF . =  0.9840  FOUND  *  -0.0281+  0. 839673$ TARGET 

DETECTION  LIMIT  *  2.92953 


TARGET  FOUND 


17 


CORR.  COEFF.«  0.9982  FOUND  •  -0.1807+  0. 888901 t TARGET 

DETECTION  LIMIT  *  0.9687 


TARGET  FOUND 
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HMX  IN  SOIL  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  HMX. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  soil  is 
0.79  to  15.8  ug/g. 

B.  SENSITIVITY 

The  normalized  response  (integrator  count)  at  the  natural  soil 
detection  limit,  designated  in  Section  1(C),  is  listed  below: 
Integrator  Counts  Nanograms 

339,000  389 

The  normalized  response  (integrator  count)  at  the  standard  soil 
detection  limit,  designated  in  Section  1(C),  is  listed  below: 
Integrator  Counts  Nanograma 

327,000  375 

C.  DETECTION  UMIT 

The  detection  limit  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  4.9  ug/g. 

The  detection  limit  in  standard  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  4.7  ug/g. 
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D .  INTERFERENCES 


This  method  may  be  subject  to  interferences  from  nonvolatile 
organic  compounds  which  absorb  UV  light  at  230  nm  and  are 
extractable  from  soil  with  methylene  chloride/acetone. 
Interferences  are  minimized  by  silica-gel  cleanup. 

E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
10  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  eight  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 


Analyte 


Alternate  Nomenclature 


HMX  Cyclotetramethylenetetranitramine 

Octahydro-1 ,3,5 ,7-tetrazocine 
1 ,3,5,7-Tetranitro-l ,3,5,7- 
t  et  razacyc looct ane 
Octogen 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


CAS  Registry 
Number 

2691-41-0 


Analyte 


Formula 

C4H80gN8 


Melting 
Point  (*C) 


Boiling 
Point  (*C) 


Density 

(«/■!) 


1.77-1.96* 


*  There  are  four  polymorphic  forms  of  HMX  with  this  range  of 
densities. 
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Cheaical  Structure 


02*^  / 


ch2 

l 

H  ^ 

/  ^S02 


C.  CHEMICAL  REACTION 

HMX  ia  highly  expletive,  and  caution  should  be  used  in  its 
handling.  HMX  is  subject  to  alkaline  hydrolysis  in  .aqueous 
solution. 

3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-puap  liquid  chroaatograph  equipped  with  a 
Perkin-Elaer  LC-75  variable-wavelength  detector  interfaced  to  s 
Spectra  Physics  Model  4100  coaputing  integrator. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin-Elaer  LC-75  variable-wavelength  detector 

(  \  -  230  na) 

2.  Coluan:  Zorbax-CN  (4.6-aa  ID  x  25  ca) 

Particle  size:  7-8  ua 

3.  Flow  Rate/Mobile  Phase:  1  al/ain 

35Z  H20/65Z  aethanol 

4.  Teaperature:  22*C 

5.  Injection  Voluae:  20-ul,  fixed  loop 

6.  Retention  Tiae:  6.7  ainutes 
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C.  HARDWARE /GLASSWARE 

1.  50-ml  centrifuge  tubes  with  Tef lon*-lined  screw  caps  (8); 

2.  500-ml  K-D  evaporative  flasks  (8); 

3.  10-ml  graduated  K-D  receivers  (8); 

4.  3-ball  Snyder  columns  (8); 

5.  2-ball  micro-Snyder  columns  (8); 

6.  15-ml  graduated  centrifuge  tubes  (8);  and 

7.  10-ml  glass  or  polyethylene  syringes  with  Luer-lock 
attachments  (10). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water — J.T.  Baker  Company; 

4.  Anhydrous  sodium  sulfate — reagent  grade; 

5.  Nanograde  hexane; 

6.  Nanograde  acetone;  and 

7.  Silica-Gel  Sep-Paka*~ Waters  Associates. 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  HMX  stock  calibration  standard  (7.91  mg/ml)  is  prepared 
by  weighing  79.1  mg  of  HMX  into  a  10-ml  volumetric  flask, 
dissolving  the  HMX  in  a  few  ml  of  acetonitrile  (a  drop  of 
acetone  is  added  to  aid  in  solubilisation),  and  diluting  to 
the  mark  with  acetonitrile. 

2.  An  intermediate  HMX  stock  calibration  standard  is  pressed 
by  pipetting  5  ml  of  the  HMX  stock  calibration  standard  into 
a  50-ml  volumetric  flask  and  diluting  to  the  mark  with 
acetonitrile  to  give  a  solution  containing  791  ug/ml  of 
HMX. 

3.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  intermediate  calibration  standards  for  HMX. 
Dilute  with  50Z  methanol /50X  water  as  follows: 
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Working  Calibration 
Standard 

Standard 

Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 

Volume  (al) 

B 

HMX  (intermediate)  2 

25 

C 

HMX  (intermediate)  2 

50 

D 

Standard  B 

5 

25 

E 

Standard  B 

5 

50 

F 

Standard  B 

5 

100 

Working  Calibration 
Standard _ 

B 

C 

D 

E 

F 


B.  CONTROL  SPIKES 

1.  Prepare  Control  Spike  Solution  A  for  HMX  by  pipetting  1  *1 
of  the  calibration  standard  stock  for  HMX  into  a  25-al 
voluaetric  flask  and  diluting  to  voluae  with  acetone. 

2.  Prepare  Control  Spike  Solution  B  for  HMX  by  diluting  5  al  of 
Control  Spike  Solution  A  to  50  nl  with  acetone. 


Control 

Spike  Solution 


A  (HMX) 
B  (HMX) 


Cone ant rat  ion 
(ug/al) 


3.  Allow  tha  soil  saapla  to  air  dry  on  tha  dull  sida  of 
aluainiai  foil  until  it  can  bo  sieved  through  a  30-aash 
sieve.  (Sediaant  saaplas  are  extracted  wat.) 
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4.  Weigh  20  g  of  sieved  soil  or  wet  sediment  into  a  50-ml 
centrifuge  tube  with  a  Teflon*-lined  screw  cap. 

5.  Pipette  a  known  amount  of  the  control  spike  solution  for  HMX 
onto  the  20-g  soil  sample.  The  quantity  spiked  should  be 
selected  to  provide  a  concentration  of  0.S  to  10.0  times  the 
detection  limit. 


6. 


HMX 

Control  Spike 
Solution 

Spike  Volume 
(ml) 

Concentration  of  Spiked 
Soil  (ug/g) 

B 

0.5 

0.79 

B 

1.0 

1.6 

B 

2.0 

3.2 

A 

0.5 

7.9 

A 

1.0 

16 

Allow  the  soil  to  air  dry  for  at  least  1  hour.  Shake  the 


soil  to  ensure  mixing  of  the  spiking  solution  throughout  the 


sample. 


PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Let  all  soil  samples  air  dry  on  the  dull  side  of  aluminum 
foil  until  they  are  suitably  dry  so  they  can  be  sieved 
through  a  30-mesh  sieve. 

2.  Sample  the  sieved  soil  by  quartering  and  weighing  20  g  into 
a  50-ml  centrifuge  tube. 

B.  EXTRACTION 

1.  Add  35  ml  of  20X  acetone  in  methylene  chloride  to  the 
centrifuge  tube. 

2.  Cap  the  tube  and  shake  for  3  to  5  minutes. 

3.  Extract  the  sample  sequentially  with  three  35-ml  portions  of 
the  methylene  chloride/acetone  mixture. 
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4.  Decant  off  the  methylene  chloride/acetone  mixture  each  time, 
and  pass  through  a  glass  funnel  filled  with  a  small  plug  of 
glass  wool  and  approximately  1  inch  of  anhydrous  sodium 
sulfate  into  a  500-ml  K-D  flask  fitted  with  a  10-ml  K-D 
receiver. 

5.  After  the  third  extract  has  been  transferred  to  the  K-D 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with  approxi¬ 
mately  20  ml  of  methylene  chloride. 

6.  Add  a  boiling  chip  (Teflon*)  to  the  methylene  chloride 
extract  in  the  flask,  and  attach  a  3-ball  Snyder  column  to 
the  apparatus. 

7.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath.  Immerse  the  receiver 
of  the  K-D  nearly  up  to  the  joint. 

8.  The  balls  of  the  Snyder  column  should  actively  chatter  when 
the  solvent  is  evaporating. 

9.  When  the  apparent  volume  of  the  solution  remaining  in  the 
receiver  is  about  1  ml,  remove  the  apparatus  from  the  water 
bath  and  allow  to  cool.  After  approximately  1  ml  of  solvent 
has  drained  back  into  the  receiver,  remove  the  receiver  from 
the  K-D  flask. 

10.  Add  approximately  2  ml  of  nanograde  hexane  to  the  receiver. 
Attach  a  2-ball  micro-Snyder  column  and  reconcentrate.  When 
the  apparent  volume  in  the  receiver  reaches  0.5  ml,  remove 
the  receiver  from  the  water  bath. 

11.  Repeat  Step  10  twice. 

12.  Detach  the  micro-Snyder  column  from  the  receiver.  With  a 
dispo  pipette,  transfer  the  extract  into  a  10-ml  glass 
syringe  fitted  with  a  silica-gel  Sep-Pak*.  Rinse  the 
receiver  three  times  with  2  ml  of  20%  methylene  chloride  in 
hexane  solution,  transferring  each  rinse  to  the  10-ml 
syringe.  Set  aside  the  receiver  for  later  use. 
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13.  Pass  the  combined  rinses  through  the  silica-gel  Sep-Pak*  at 
a  rate  of  approximately  1  to  2  ml/min,  discarding  the 
eluate. 

14.  Quantitatively  rinse  the  K-D  receiver  from  Step  12  three 
times  with  a  total  of  1  to  2  ml  of  50%  methanol  in  methylene 
chloride  solution,  transferring  each  rinse  to  the  10-ml 
syringe  fitted  with  the  silica-gel  Sep-Pak*.  Add  50% 
methanol  in  methylene  chloride  to  the  syringe  to  make  a 
total  volume  of  10  ml. 

15.  Elute  the  silica-gel  Sep-Pak*,  with  the  10-ml  total  volume 
of  50%  methanol  in  methylene  chloride,  into  another  10-ml 
K-D  receiver  at  a  rate  of  1  to  2  ml/min. 

16.  Add  a  Teflon*  boiling  chip  to  eluate,  attach  a  2-ball 
micro-Snyder  column,  and  concentrate  the  sample  in  a  water 
bath  heated  to  80*C.  When  the  apparent  volume  of  the 
solution  is  about  0.5  ml,  remove  the  apparatus  from  the 
water  bath. 

17.  Detach  the  micro-Synder ,  and  add  approximately  2  ml  of  HPLC 
methanol  to  the  receiver.  Reconcentrate  the  sample  to 

0.5  ml. 

18.  Repeat  Step  17  twice. 

19.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube  rinsing 
quantitatively  with  HPLC  methanol.  Raise  the  extract  volume 
to  exactly  2.5  ml  in  the  centrifuge  tube  with  HPLC  methanol. 
Dilute  to  5  ml  with  HPLC  water. 

20.  Transfer  to  a  5 -ml  amber,  septum-sealed  vial  for  storage  at 
4*C. 

21.  The  extract  is  now  ready  for  chromatography  by  HPLC. 

ANALYSIS 

1.  Inject  20  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  component  of  interest. 
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6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard- 
versus-peak  area  counts. 

B.  Determine  the  concentration  of  HMX  according  to  the  fol loving 
formula: 


(A)(Vt) 

Concentration  (ug/g)  * - r.- • — — ■ 

"s 

where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

V(  ■  Volume  of  total  extract  (ml),  and 
Wa  *  Weight  of  initial  sample  extracted  (g) . 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 


HMX  .ST  ANDARD  SOILtUG/G) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0030 

0.0530 

0.0000 

O.OOQO 

0.0000 

C.790 

0.620 

0.660 

0*660 

0.850 

1.58 

1.37 

1.41 

1.64 

1.03 

3.16 

3.30 

3.06 

3.22 

2.32 

7.91 

6.16 

6.03 

4.90 

6.91 

15.8 

13.1 

13.5 

8.32 

10.9 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

deviation 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0132 

0.0265 

200 

0.0000 

C.79  0 

0.702 

0.101 

14.4 

-11.0760 

1.58 

1.36 

0.252 

18.5 

-13.7656 

3.16 

2.97 

0.448 

15.1 

-5.8544 

7.91 

6.00 

0.830 

13.8 

-24.1467 

15.8 

11.5 

2.39 

20.9 

-27.4209 

HMX ♦ NATUR  AL  SOIL<UG/G) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

C .0003 

0.0000 

O.OOOQ 

0.0000 

0.0C00 

0.790 

0.420 

0.420 

0.560 

0.600 

ac 

in 

• 

H 

1.07 

1.23 

1.12 

1.62 

3.16 

2.32 

2.21 

2.29 

2.32 

7.91 

5.39 

5.67 

6.39 

7.07 

15.8 

13.4 

8.11 

13.0 

13.6 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.790 

0.500 

0.0938 

*  18.8 

-36.7C89 

1.58 

1.26 

0.249 

19.8 

-20.2532 

3.16 

2.28 

0.0520 

2.27 

-27.6899 

7.91 

6.13 

0.755 

12.3 

-22.5032 

15.8 

12.0 

2.62 

21.8 

-23.8766 
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DPA  IN  SOIL  AND  SEDIMENT  SAMPLES 

APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of 
DPA  in  environmental  soil  and  sediment  samples. 

This  method  was  developed  and  tested  in  two  soil  matrices:  a  red 
clay  obtained  from  the  Alabama  Army  Ammunition  Plant  and  a  topeoil 
from  North  Central  Florida.  These  two  soils  are  subsequently 
referred  to  as  the  standard  soil  and  the  natural  soil,  respectively 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  ranges  are: 

Matrix  Tested  Concentration  Range  (ug/g) 

Standard  Soil  1.3  to  26 

Natural  Soil  1.5  to  30 

B.  SENSITIVITY 

The  normalised  response  (integrator  counts  x  attenuation  at  the 
documented  detection  limits  designated  in  Part  C  below  are: 

Quantity 

Matrix  Integrator  Counts  (picograms) 

Standard  Soil  1,221  1,500 

Natural  Soil  1,627  1,600 

C.  DETECTION  LIMITS 

The  detection  limits,  calculated  according  to  Bubaux  and  Vos 
(1970),  are: 
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Mot rix  Concentration  (ug/g) 

Standard  Soil  1.5 

Natural  Soil  1.6 

D .  INTERFERENCES 

This  aethod  contains  no  cleanup  step  and  thus  may  be  subject  to 
interferences  from  nitrogen-  or  phosphorus-containing  compounds 
which  co-elute  with  the  chromatographic  peak  for  DPA.  The 
detection  aethod  used  for  this  work  is,  however,  very  selective 
for  nitrogen  (and  phosphorus),  with  a  selectivity  ratio  of 
1,000:1  for  nitrogen  versus  carbon.  This  aethod  has  been  tested 
on  a  variety  of  soil  matrices  with  no  apparent  interferences. 

E.  ANALYSIS  RATE 

After  inatruaent  calibration,  one  analyst  can  analyze  8  extracts 
in  an  8-hour  day.  One  analyst  can  perform  approxiaately 
10  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

Alternate  CAS  Registry 

Analyte  Noaenclature  Number 

DPA  —  122-39-4 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTES 


Analyte 

Foraula 

Melting 
Point  CC) 

Boiling 
Point  CC) 

Density 
(g/al  at  20*0 

DPA 

c12Hll" 

52-54 

302 

1.16 

CHEMICAL  REACTIONS 

None  found. 
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APPARATUS 

A.  INSTRUMENTATION 

Perkin  Elmer  Sigma  2  GC  interfaced  to  a  Spectra  Physics  4100 
Computing  Integrator. 

B .  GC  PARAMETERS 

1.  Detector:  Nitrogen-phosphorus  specific;  bead  current 
setting — 6.8  to  7.0. 

2.  Column:  1/4-inch  x  2 -mm  ID  x  10-ft  glass 
Packing:  1.5X  07-17  on  80/100  mesh  supelcoport 

3.  Gas  Flow 

Carrier:  Nitrogen  (50  ml/minute) 

Detector:  Hydrogen  (1-2  ml/minute) 

Air  (100  ml/minute) 

4.  Temperature 

Injector:  250*C 
Detector:  300*C 

Oven  Temperature:  Isothermal  at  160*C 

5.  Injection  Volume:  5  ul 

6.  Retention  Time:  4.0  minutes 

C.  HARDWARE /GLASSWARE 

1.  50 -ml,  Teflon*-lined  capped  centrifuge  tube. 

2.  Glass  disposable  pipettes. 

3.  Centrifuge,  capable  of  handling  50-ml  centrifuge  tubes. 

4.  Class  A  volumetric  flasks:  50  ml,  10  ml. 

5.  Metal  spatula. 
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D.  CHEMICALS  AND  REAGENTS 

1.  Toluene,  nanograde,  distilled  in  glass. 

2.  Methanol,  nanograde,  distilled  in  glass. 

3.  0.01N  sodiusi  hydroxide  solution. 

4.  Analytical  standards  (SARMs  or  equivalent). 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  Prepare  a  calibration  standard  stock  (11.7  mg/ml)  by 
weighing  117  ag  of  the  DPA  SARM  in  a  single  10-ml  volumetric 
flask. 

Dissolve  in  a  few  ml  of  toluene  and  dilute  to  voluam  with 
toluene.  Wrap  the  flask  in  foil  and  store  in  a  freezer.  No 
evidence  of  degradation  was  observed  over  a  6-month  period. 

2.  Prepare  the  dilute  stock  calibration  standard  by  pipetting 
1  ml  of  the  calibration  standard  stock  and  diluting  to 
volume  with  toluene  in  a  100-ml  volumetric  flask.  Label 
this  solution  and  store  in  an  amber,  septum-sealed  vial  at 
4*C. 


3.  Prepare  the  working  stock  calibration  standards  by  making 
dilutions  with  toluene  of  dilute  stock  calibration  standard 
as  follows. 


Working  Stock 
Calibration 
Standard 

Dilute  Stock 
Calibration 
Standard 

Final 

Volume  (ml) 

Concentra¬ 
tion  (ng/c) 

A 

100  ul 

50 

234 

B 

200  ul 

50 

468 

C 

400  ul 

50 

937 

D 

1.0  ml 

50 

2,340 

E 

2.0  ml 

50 

4,680 

F 

4.0  ml 

50 

9,360 

G 

10.0  ml 

50 

23,400 

Store  standards 

in  maber  septum-sealed  vials 

at  4*C  until 

ready  to  use. 
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B.  CONTROL  SPIRES 

1.  Prepare  Che  stock  control  spike  solution  (2.57  mg/ml)  by 
weighing  approximately  25.7  mg  of  the  DPA  SARM  into  a  single 
10-ml  volumetric  flask. 

Dissolve  in  a  few  ml  of  methanol  and  dilute  to  volume  with 
methanol . 

2.  Dilute  the  stock  control  spike  solution  by  pipetting  1  ml 
into  a  10-ml  volumetric  flask  and  diluting  to  volume  with 
methanol  to  obtain  the  working  stock  control  spike  solution. 

3.  Pipet  a  known  amount  of  the  working  control  spike  into  a 
standard  soil  sample.  The  quantity  spiked  should  be 
selected  to  approximately  double  the  expected  concentration 
or  to  provide  a  concentration  of  0.5  to  10  times  the 
detection  limit.  The  precision,  accuracy,  and  detection 
limits  were  determined  by  spiking  10-g  samples  of  soil  at 
the  following  levels: 


Volume 

Spiked  (ul) 

Concentration 

(ug/g) 

0 

0 

50 

1.28 

100 

2.57 

200 

5.14 

500 

12.8 

1,000 

25.7 

4.  After  spiking  the  soil,  enough  toluene  ia  added  to  just  wet 
the  sasple.  The  mixture  is  allowed  to  air-dry  for  1  hour 
before  analysis. 

5.  Perform  the  procedures  in  Section  5,  starting  with  Step  B2. 
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5.  PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Lee  ell  soil  samples  air-dry  on  the  dull  side  of  aluminum 
foil  until  they  can  be  sieved  through  a  30-mesh  sieve. 

2.  Sediment  samples  are  extracted  wet. 

3.  Determine  the  dry  weight  of  the  sediment  or  soil  by  weighing 
5  g  of  sample  into  a  tared  beaker.  Dry  the  soil  at  105 *C 
until  constant  weight.  Record  the  dry  weight.  Calculate 
the  percent  moisture. 

B .  EXTRACTION 

1.  Weigh  10  g  of  soil  or  15  g  of  wet  sediment  (to  the  nearest 
0.1  g)  into  a  50 -ml  centrifuge  tube. 

2.  Add  20  ml  of  0.01N  sodium  hydroxide,  10  ml  of  toluene,  and 
5  ml  of  methanol  to  the  tube  and  cap.  Shake  the  tube 
vigorously  for  3  minutes. 

3.  Place  the  tube  in  the  centrifuge,  and  centrifuge  at  medium 
speed  (”5")  until  the  solids  separate  from  the  solvent 
(10  minutes) . 

4.  Withdraw  the  toluene/methanol  layer  (top  layer)  using  a 
glass  pipet  and  transfer  to  a  50 -ml  volumetric  flask. 

5.  Repeat  the  extraction  with  10  ml  of  toluene  and  5  ml  of 
methanol  two  more  times. 

6.  Combine  the  toluene  extracts  in  the  50-ml  volumetric  flask. 

7.  Dilute  the  extract  with  toluene  to  the  50-ml  mark. 
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8.  Shake  the  flask  and  transfer  approximately  1  ml  to  a 
septum-sealed  vial.  Cap  securely  with  septum  and  seal. 
Protect  from  light  by  wrapping  the  sample  vial  with  foil. 

C.  CALIBRATION 

1.  Inject  the  working  standards  singly  at  the  beginning  of  the 
analytical  run  and  one  standard  at  the  conclusion  of  the 
analytical  run. 

2.  Plot  the  normalized  peak  height  versus  micrograms  injected 
of  each  standard  to  obtain  a  working  curve. 

0.  ANALYSIS 

Inject  5  ul  of  the  toluene  extract  onto  the  GC  column. 

6.  CALCULATIONS 

A.  Determine  the  concentration  of  the  analyte  according  to  the 
following  formula: 

Concentration  (ug/g)  *  (A)(Vt) 

TV’iHW) 

where  A  ■  Amount  of  analyte  found  (ug) ,  determined  from  the 
standard  curve, 

Vt  *  Volume  of  total  extract* (ml), 

"  Vo 1  use  of  extract  injected  (ml),  and 

W  -  Sample  weight  (g). 

B.  Correct  for  percent  moisture  in  die  original  soil/sediment 

smaple. 

7.  jgMBWB 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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TARGET 

CORR.  COEFF.*  0.9989  FOUND  *  -0.0185+  0, 940639*TARGET 

DETECTION  UNIT  -  1.52955 


QIPHENYLAMINEtSTD  SOIL(MG/KG> 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

l.,; 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

1.28 

1 .06 

1.16 

0.980 

1.06 

1  .  ■ 

2.57 

2.52 

2.47 

2.26 

2.16 

5.14 

4.42 

5.16 

5.12 

4.87 

12.8 

11.6 

12.2 

12.5 

12.4 

J 

25.7 

24.6 

24.9 

22.8 

24.0 

. 

L 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

....  [ 

0  .  3  C  0  C 

0.0200 

C  •  G  0  u  0 

O.OCOO 

0.0000 

t 

1.28 

1.06 

3.0737 

6.92 

-16.7969 

2.57 

2.35 

0.171 

7.26 

-8.4630 

5  •  1  A 

4.89 

0.340 

6.95 

-4.8152 

i) 

1 2  •  c 

12.2 

0.403 

3.31 

-4. 8828 

n 

•  i  ? 

25.7 

24.1 

0.929 

o*86 

-6.3230 

1  ■ 

i  : 

f  i 

i ? 
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TARGET 

CORR.  COEFF • ■  0.9991  FOUND  *  -0.3036+  0.991934TTARGET 

DETECTION  UNIT  «  1.64848 


D  I  PHENYLARINE.  NATURAL  SOIL<MG/KG> 


target 

concentration 

9 

A 

DAY 

2 

3 

4 

C  .  C  C  0  0 

• 

Q .  OOOO 

0.0000 

.0.0000 

0.0000 

1.49 

l.ie 

1.08 

1.06 

1.03 

2.97 

2.39 

2.47 

2.55 

2.46 

5  •  9  A 

5.36 

5.89 

4.89 

5.99 

14.  « 

14.7 

13.9 

14.5 

14.6 

29.7 

'  29.9 

29.7 

29.5 

27.7 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0  .  C  0  C  0 

0.0000 

0. J000 

0. 0000 

0.0000 

i .  4 

l.CS 

0.0650 

5.96 

-27.0134 

2.97 

2.47 

0.0655 

2*66 

-16.9192 

5.94 

5.53 

0.510 

9.21 

-6.8603 

14.9 

14.4 

0.359 

2.45 

-3.1879 

29.7 

29.2 

1.01 

3.47 

-1.6835 

AMD.2/UD-H20.1 

7/22/82 


UDMH  IN  HATER  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
water  samples  for  UDMH. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  for  standard  and  natural  water  is 
5  to  107  ug/L. 

B.  SENSITIVITY 

The  normalized  responses  (peak  heights)  at  the  detection  limits 
designated  in  Section  C  (below)  are  325  mm  for  1.36  ng  in 
natural  water  and  423  mm  for  2.01  ng  in  standard  water. 

C .  DETECTION  LIMITS 

The  detection  limits,  calculated  according  to  Hubaux  and  Vos 
(1970),  are  11  ug/L  for  natural  water  and  16  ug/L  for  standard 
water. 

D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  compounds  which 
can  be  readily  oxidized  under  an  electrochemical  potential  of 
■•■0.9  volt.  Phenolic  compounds  are  included  in  this  class; 
however,  chromatographic  conditions  were  selected  to  minimise 
interferences  from  the  commonly  found  priority  pollutant 
phenols. 

E.  ANALYSIS  RATE 

s 

After  instrument  calibration,  one  analyst  can  analyse  10  samples 
in  an  8-hour  day. 
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2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

Analyte  Alternate  Nomenclature  CAS  Regiatry  Number 

UDMH  asym-dimethy lhydrarine 

1 , 1-dimethylhydrazine  57-14-7 

unsym-dimethylhydrazine 
N ,N-dimethy lhydrasine 
Diaaaine 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


Analyte 

Molecular 

Formula 

Melting 

Point 

Boiling 

Point 

Density 

(fi/-l) 

UDMH 

CjHgNj 

-58*C 

63.9*C 

0.791 

Chemical 

Structure 

ch3 

1 

1 

N  - >  NH2 

1 

CH3 

C.  CHEMICAL  REACTIONS 

UDMH  ia  a  powerful  reducing  agent  used  as  the  base  in  rocket 
fuel  formulations.  UDMH  is  highly  corrosive  and  irritating  to 
skin,  eyes,  and  aucous  membranes.  UDMH  is  readily  oxidised  in 
alkaline  solution  by  a  number  of  oxidants  (HgO,  halogens,  and 
halates)  to  produce  tetrasine.  Tetrasines  are  inherently 
unstable  and  split  out  N2  under  thermal  or  protolytic 
conditions.  In  acidic  solutions,  UDMH  reacts  to  form  diasenium 
salts,  (CHj^N4,  ■  NH  X~,  which  react  as  dienophiles  with 
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conjugated  dienes  in  the  Diela-Alder  reaction.  Hydrasines 
reduce  many  commonly  found  metal  ions  to  lower  valence  states  or 
to  the  metals  themselves.  Over  23  metal  ions  have  been  shown  to 
react  with  hydrazines. 

The  kinetics  of  the  decomposition  of  UDMH  in  aqueous  solutions 
were  briefly  examined,  and  it  has  been  found  that  the  halflife 
for  the  disappearance  of  UDMH  is  less  than  1  day.  For  this  1 
reason,  standards  for  the  UDMH  analysis  must  be  prepared  fresh 
daily,  immediately  before  the  analysis  is  begun.  Samples  should 
be  analyzed  as  soon  as  possible  after  collection.  Chromatograms 
which  illustrate  the  decomposition  of  UDMH  in  water  are 
presented  in  Figure  1 . 

APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  a 
Bioanalytical  Systems  Model  EC-2A  Electrochemical  Detector 
interfaced  to  a  linear  strip-chart  recorder. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Bioanalytical  Systems,  Inc.  Model  EC-2A 
Electrochemical  Detector  with  a  glassy  carbon  electrode 
Potential  «  +0.9  volt 

2.  Column:  Zorbax  C-8  (4.6-mm  ID  x  25  cm) 

Particle  size  *  5-6  um 

3.  Flow  Rate/Mobile  Phase:  1  ml/min/50Z  acetonitrile/50Z 
0.09  M  PO^^-  buffered  to  pH  ■  7 

4.  Temperature:  22 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  7.1  minutes 
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C.  HARDWARE /GLASSWARE 

1.  25-ml  volumetric  flask  (1) 

2.  50-ml  volumetric  flask  (10) 

D.  CHEMICALS 

1.  HPLC-grade  acetonitrile,  J.T.  Baker  Cotapeny. 

2.  HPLC-grade  water,  J.T.  Baker  Company. 

3.  Potassium  dihydrogenphosphate,  J.T.  Baker  Company. 

4.  Potassium  monohydrogenphosphate,  J.T.  Baker  Company. 

STAMP ARDS 

A.  CALIBRATION  STANDARDS 

1.  Prepare  a  stock  calibration  standard  (6.72  mg/ml)  by 
weighing  168  mg  of  the  ODMH  SARM  in  a  25-ml  volumetric 
flask. 

2.  Dissolve  the  (TDMH  in  a  few  ml  of  HPLC-grade  acetonitrile, 
and  dilute  to  volume  with  acetonitrile.  Wrap  the  flask  in 
foil,  and  store  at  4*C. 

3.  Prepare  Intermediate  Stock  Calibration  Standard  A  by 
pipetting  1  ml  of  the  stock  calibration  standard  into  a 
50-ml  volumetric  flask  and  diluting  to  voluam  with 
acetonitrile.  Transfer  the  solution  to  an  amber, 
septum-sealed  vial,  and  store  at  4*C. 

4.  Prepare  Intermediate  Stock  Calibration  Standard  B  by 
pipetting  1  ml  of  Intermediate  Stock  Calibration  Standard  A 
into  a  50-ml  volumetric  flask  and  diluting  to  volume  with 
acetonitrile.  Transfer  this  solution  to  an  amber, 
septus^sealed  vial,  and  store  at  4*C. 

5.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  with  50X  acetonitrile/50X  0.09  M  phosphate- 
buffered  water  (pH  ■  7)  as  follows: 
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Working 

Calibration 

Standard 

Concen¬ 

tration 

(ng/g) 

Standard  Diluted 

Volume  of 
Standard 
Used  (ml) 

Final 

Volume 

(ml) 

C 

54 

Intermediate  Stock 

B  1 

50 

D 

27 

Intermediate  Stock 

B  0.5 

50 

E 

10.8 

Working  Standard  C 

10 

50 

P 

5.4 

Working  Standard  D 

10 

50 

G 

2.7 

Working  Standard  D 

5 

50 

The  standards  must  be  prepared  fresh  daily. 

B.  CONTROL  SPIKES 

1.  Pipet  a  known  amount  of  Intermediate  Stock  Calibration 

Standard  B  into  25  ml  of  standard  or  natural  water  samples. 


and  analyze  by  the  procedure  outlined  in  Section  5  below. 
The  quantity  spiked  should  be  selected  to  provide  a 

concentration  of  0.5  to 

10  times  the  detection  limit. 

Determine  the  precision. 

accuracy,  and  detection  limit  for 

the  analyte. 

Volume  (ml)  of 

Concentration 

Standard  B 

(ng/g) 

Spiked  into  25  ml 

— 

0.0 

5.36 

0.050 

10.7 

0.100 

21.4 

0.200 

53.6 

0.500 

107.2 

1.00 

5.  PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Pipet  25  ml  of  the  water  sample  into  a  50-ml  volumetric 
flask. 

2.  Add  approximately  15  ml  of  HPLC-grade  acetonitrile  to  the 
volumetric  flask,  shake  until  thoroughly  mixed,  and  wait 
until  all  the  gas  bubbles  formed  on  mixing  disappear 
(approximately  5  minutes). 
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3.  Dilute  to  the  50-vl  mark  with  HPLC-grade  acetonitrile. 

4.  The  sample  is  now  ready  for  analysis  by  HPLC. 

B  .  CALIB  RATION 

1.  Inject  250  ul  of  each  of  the  working  calibration  standards 
and  a  blank  singly  at  the  beginning  of  the  analytical  run. 
Inject  Working  Calibration  Standard  E  at  the  end  of  the 
analytical  run  to  verify  constancy  of  the  instrtmient 
response . 

2.  Plot  the  normalized  peak  height  (mm)  versus  the  concentra¬ 
tion  for  each  standard  to  obtain  a  working  calibration 
curve. 

C.  ANALYSIS 

1.  Inject  250  ul  of  the  sample  onto  the  LC  column. 

2.  Perform  analysis  of  the  sample  according  to  the  conditions 
given  in  Section  31. 

3.  Measure  the  peak  height  (mm)  for  the  UDMH  peak. 

6.  CALCULATIONS 

Calculate  the  concentration  of  UDMH  according  to  the  following 
equation: 

Concentration  ug/L  “  2A/1000 

where:  A  is  the  concentration  (ug/ml)  obtained  from  the  calibration 
curve. 

The  injection  volwe  is  250  ul,  and  the  factor  of  2  is  due  to  the 
dilution  of  the  sample  with  acetonitrile.  This  dilution  is  necessary  to 
match  sample  and  mobile  phase  compositions  to  minimize  baseline 
disturbances  arising  from  the  sample  injection. 

7.  REFERENCES 
None  found . 
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8.  DATA 

See  attached  data  sheets.  The  target  values  reported  are  the  averages 
of  the  values  obtained  over  the  4  successive  days  of  spiking 
experiments.  Since  UDMH  decomposes  rapidly,  the  standards  were  prepared 
fresh  each  day,  and  exact  duplication  of  the  target  values  was  not 
practically  feasible.  The  actual  target  values  were  closely  spaced 
about  the  averages  with  a  relative  standard  deviation  of  2  percent. 
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TARGET 

CORR.  COEFF. =  0.9927  FOUND  =  1.3358+  1 . 048689*TARGET 

DETECTION  LIMIT  *  16.10962 


UDMH.  STANDARD 

UATER ( UG /L  > 

TAFGET 

DAY 

CONCENTRATION 

4 

X 

2 

3 

4 

o.oooo 

0.0000 

C.0000 

0.0000 

C.OOQO 

5.20 

8.68 

4.77 

5.63 

6.25 

10.4 

12.3 

11.2 

12.2 

10.8 

20.  ft 

24.8 

24.4 

22.5 

28.2 

52.0 

60.6 

54.0 

51.1 

62.5 

104 

101 

110 

102 

125 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

C.CGOO 

c.occo 

O.OOCO 

0.0000 

o.ococ 

5.20 

6.38 

1.65 

25.9 

22.7 

10.4 

11.9 

1.12 

9.41 

14.2 

20.8 

25.0 

2.37 

9.50 

20.1 

52.0 

57.0 

5.39 

9.44 

9.71 

104 

110 

11.1 

10.1 

5.29 

/ 
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UCMh.NATURAL  U ATE?  (UG/L  ) 


TARGET 

DAY 

CONCENTRATION 

1 

2 

3 

4 

C.COOG 

0.0000 

0.0000 

0.0000 

0.0000 

5 . 3  f< 

4.00 

4.86 

3.69 

7.45 

i 

10. 8 

11.7 

13.7 

11.7 

15.7 

21.5 

27.7 

30.6 

26.5 

28.  G 

V  - 

53.8 

77.7 

68.2 

65.0 

63.9 

i 

1. 

108 

124 

136 

128 

127 

i. 

L 

T 

TARGET 

AVERAGE 

STANOARD 

PERCENT 

PERCENT 

i 

CONCENTRATION 

FOUND  VALUE 

DEVIATION 

IMPRECISION 

INACCURACY 

r  •* 

O.GCCC 

O.OCOO 

O.COOO 

0.0000 

O.OCOO 

1. 

5.38 

4.95 

1.72 

34.6 

-7.9926 

I 

L 

10.8 

13.2 

1.91 

14.5 

22.2 

21.5 

28.2 

1.73 

6.12 

31.2 

i 

i. 

53.8 

68.7 

6.27 

9.13 

27.7 

<  \ 

1C8 

129 

5.12 

3.98 

19.2 

:  j 
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ATNBA  IN  WATER  SAMPLES 


1.  APPLICATION 

This  meChod  is  applicable  Co  Che  quantitative  analysis  of  environmental 
water  samples  for  ATNBA. 


A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  water  is 
listed  below  in  ug/L. 

Analyte  Range  (ug/L) 

ATNBA  0.59  to  11.8 


B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  water 
detection  limit  designated  in  Section  1C  is  listed  below; 

Analyte  Integrator  Counts  Nanograms 

ATNBA  107,111  248 


The  normalized  response  (integrator  counts)  at  the  standard 
water  detection  limit  designated  in  Section  1C  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

ATNBA  160,343  371 


C.  DETECTION  LIMIT 

The  detection  limit  in  natural  water,  calculated  according  to 
Hubaux  and  Voa  (1970),  is  listed  below; 

Analyte  Detection  Limit  (ug/L) 

ATNBA  2.2 
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The  detection  limit  in  standard  water,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  listed  below: 


Analyte 


ATNBA 


Detection  Limit  (ug/L) 


D .  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile 
organic  compounds  which  absorb  light  at  254  nanometers  and  are 
extractable  from  water  at  pH  ■  5  with  methylene  chloride/ 
acetone.  Interferences  are  minimized  by  Florisil*  Sep-Pak* 
cleanup. 

E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
8  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  8  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

ATNBA  2,4,6-trinitrobenzene  carbonal  606-34-8 

2,4,6-trinitrobenzene  carbox- 
aldehyde 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 

Melting  Boiling  Density 

Analyte  Formula  Point  (*C)  Point  (*C)  (g/ml) 

ATNBA  C7H3O7N3  119  -  - 
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Chemical  Structure 


HC  •  0- 


C.  CHEMICAL  REACTIONS 

ATNBA  ia  explosive  and  rapidly  decomposes  in  light;  it  must  be 
protected  by  use  of  amber  glass  or  aluminum  foil.  It  decomposes 
rapidly  to  135TNB  in  basic  solution  via  a  red-colored 
intermediate.  It  is  slowly  decomposed  to  135TNB  by  dissolved 
oxygen,  water,  or  upon  heating  with  water  or  alcohol. 

3.  APPARATOS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  an 
Altex  Model  153  UV  detector  interfaced  to  a  Spectra  Physics 
Model  4100  computing  integrator. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Altex  Model  153  UV  detector  (Xs  254  um). 

2.  Column:  Ultrasphere  C18  (4.6-mm  ID  x  25  cm) 

Particle  sire:  5  um 
» 
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3.  Flow  Rate/Mobile  Phase:  1  ml /min 

45Z  H20/55Z  methanol 

4.  Temperature:  25 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Times: 


Analyte 


ATM  BA 


Retention  Time  (minutes) 


135TNB  (decomposition  product)  6.4 

C.  HARDWARE /GLASSWARE 

1.  l-L  Teflon*  separatory  funnels  with  screw  caps  (8); 

2.  250-ml  flat-bottomed  boiling  flasks  (8); 

3.  Glass  filter  funnels  (8); 

4.  Rotary  evaporation  with  cont rolled-temperature  water  baths 
(4); 

5.  Cold  trap  and  vacuum  pump; 

6.  15-ml  graduated  centrifuge  tubes  (8);  and 

7.  5-ml  glass  syringes  with  Luer-lock  attachments  (8). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water — J.T.  Baker  Company; 

4.  Reagent-grade  anhydrous  sodium  sulfate; 

5.  Nanograde  pentane; 

6.  HPLC-grade  acetonitrile — J.T.  Baker  Company; 

7.  Florisil*  Sep-Paks*--Waters  Associates; 

8.  85Z  phosphoric  acid — ACS; 

9.  Colorphast*  indicator  sticks  (MCB  Manufacturing  Chemists, 
Inc.);  and 

10.  Pasteur  pipettes. 
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STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  ATNBA  stock  calibration  standard  (1.06  mg/ml)  is 
prepared  by  weighing  10.6  mg  of  ATNBA  into  a  10-ml 
volumetric  flask,  dissolving  the  ATNBA  in  a  few  ml  of 
acetonitrile,  and  diluting  to  the  mark.  The  stock  solution 
should  be  stored  under  nitrogen,  in  an  amber  vial  in  a 
freezer.  It  should  be  replaced  on  a  monthly  basis  or  sooner 
if  degradation  is  observed  (bright  pink  color  or  appearance 
of  135TNB  on  chromatogram). 

2.  An  intermediate  calibration  standard  is  prepared  by  diluting 
1  ml  of  the  stock  solution  to  100  ml  with  acetonitrile  that 
has  been  vacuum  degassed.  This  standard  should  be  stored 
under  nitrogen,  in  an  amber  vial,  in  the  freezer.  It  should 
be  replaced  on  a  weekly  basis,  or  sooner  if  degradation  is 
observed . 

3.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  intermediate  calibration  standard.  The 
standards  should  be  made  fresh  just  prior  to  analysis. 

Dilute  with  a  502  acetonitrile/502  water  solution  (that  has 
been  vacuum  degassed  and  kept  under  nitrogen)  as  follows: 


Working 

Calibration 

Standard 

Standard 

Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 

Volume  (ml) 

A 

Intermediate 

stock 

5.0 

10.0 

B 

Intermediate 

stock 

2.0 

10.0 

C 

Intermediate 

stock 

1.0 

10.0 

D 

Intermediate 

stock 

0.50 

10.0 

E 

Intermediate 

stock 

0.20 

10.0 

F 

Intermediate 

stock 

0.10 

10.0 
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Working 
Calibration 
Standard 

A 

B 

C 

D 

E 

F 

B.  CONTROL  SPIKES 

1.  Use  the  intermediate  calibration  standard  as  the  control 
spiking  solution. 

2 .  Measure  out  900  ml  of  water  into  a  1-L  separatory 
funnel . 

3.  Pipet  a  known  amount  of  the  control  spike  solution  into  the 
sample  and  mix  thoroughly.  The  quantity  spiked  should  be 
selected  to  provide  a  concentration  of  0.5  to  10.0  times  the 
detection  limit. 

Spike  Volume 
(ml) 

0.05 

0.1 

0.2 

0.5 

1.0 

4.  Adjust  the  pH  of  the  sample  to  5  with  85Z  H3PO4. 

5.  Extract  the  samples  according  to  the  procedure  presented  in 
Section  5B. 


AMD .4/TNBAH20 . 7 
7/22/82 


5.  PROCEDURE 

A.  SAMPLE  PREPARATION 

1 .  Measure  900  ml  of  the  sample  into  a  1-L  Teflon*  separatory 
funnel. 

2.  Adjust  the  sample  pH  to  3  with  85Z  H3PO4  by  dropwise 
addition. 


B.  EXTRACTION 

1.  Add  60  ml  of  methylene  chloride  to  the  separatory  funnel. 

2.  Extract  the  sample  by  shaking  the  funnel  for  3  minutes  and 
then  allowing  10  minutes  phase  separation  time.  Emulsions 
formed  should  be  separated  by  centrifuging  or  sonication. 

3.  Drain  the  methylene  chloride  through  a  glass  funnel  filled 
with  a  small  plug  of  glass  wool  and  approximately  20  g  of 
anhydrous  sodium  sulfate  into  a  250-ml  boiling  flask. 

A.  Repeat  Steps  1  through  3  twice  more  and  then  combine 

extracts.  The  extracts  should  be  protected  from  light  by 
covering  the  boiling  flask  with  aluminum  foil. 

5.  After  the  third  extract  has  been  transferred  to  the  flask, 
rinse  the  sodium  sulfate  in  the  funnel  with  approximately 
20  ml  of  methylene  chloride. 

6.  Concentrate  the  methylene  chloride  extract  by  rotary 
evaporation  on  a  35*C  water  bath. 

7.  When  the  apparent  volume  of  the  solution  remaining  in  the 
flask  is  about  1  ml,  remove  the  apparatus  from  the  rotovap. 
Using  a  Pasteur  pipette,  transfer  the  extract  to  a  15— mil 
graduated  centrifuge  tube.  Rinse  the  flask  with  an 
additional  1  ml  of  methylene  chloride.  Transfer  the  rinse 
to  the  centrifuge  tube  and  raise  the  volume  to  2.5  ml. 

8.  Raise  to  a  final  volume  of  5  ml  by  adding  nanograde  pentane. 
Mix. 

9.  Equip  a  5-ml  syringe  with  a  Florisil*  Sep-Pak*.  Pour  the 
extract  into  the  syringe,  and  pass  through  the  Sep-Pak*, 
discarding  the  eluent . 
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10.  Measure  5  ml  of  a  20Z  acetonitrile/80Z  methylene  chloride 
solution  in  the  centrifuge  tube,  and  pour  into  the  syringe. 
Elute  the  Sep-Pak*  into  the  original  boiling  flask. 

11.  Evaporate  the  extract  on  the  rotovap  to  an  approximate 
volume  of  1  ml.  Add  10  ml  of  acetonitrile,  and  reduce  the 
volume  to  1  ml.  Add  a  further  10  ml  of  acetonitrile,  and 
reduce  the  extract  to  a  final  volume  of  0.5  ml. 

12.  Transfer  the  0.5  ml  of  extract  to  a  15-ml  graduated 
centrifuge  tube  using  a  Pasteur  pipette.  Rinse  the  flask 
with  an  additional  0.5  ml  of  acetonitrile  (which  has  been 
vacuum  degassed  and  stored  under  nitrogen)  and  transfer  to 
the  centrifuge  tube.  Raise  to  a  final  volume  of  2.0  ml  with 
HPLC-grade  water  (vacuum  degassed  and  stored  under 
nitrogen) . 

13.  Transfer  to  a  3-ml  amber,  septum-sealed  vial  for  storage  at 
4*C. 

14.  The  extract  is  now  ready  for  chromatography  by  HPLC.  The 
extract  must  be  analyzed  within  24  hours  of  time  of 
extraction. 

C .  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3B. 

3.  Measure  the  response  of  the  component  of  interest. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

B.  Determine  the  concentration  of  ATNBA  according  to  the  following 
formula: 
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(A)(V£) 

Concent ration  (ug/L)  ■  . —  - . 

vs 

where:  A  *  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

Vt  *  Volume  of  total  extract  (ml),  and 
Vs  -  Volume  of  initial  sample  extracted  (L). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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Chromatogram  of  a  Natural  Water  Extract  S] 
2.36-ug/L  Level  vlth  ATNB 


IJ 


C  .romatogram  of  ATNBA  and  135TNB  (Decomposition  Produce) 
Under  Che  Conditions  Given  in  Section  3B 
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TARGET  FOUND 


2*4*6  TNB  A  *MATUR AL  WATER  CUG/L) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

----- 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

1 

j 

0.590 

0.250 

Q.290 

0.430 

0.380 

1.16 

0.370 

0.470 

0.48  0 

0.720 

2.36 

1.15 

1.13 

1.50 

1.08 

5.89 

4.49 

4.95 

4.97 

4.12 

• 

11.8 

9.07 

9.96 

11.7 

9.49 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.590 

0.337 

0.0822 

24.4 

-42.7966 

1.18 

0.510 

0.149 

29.1 

-56.7797 

2.36 

1.21 

0.192 

15.8 

-48.5170 

5.89 

4.63 

0.407 

8.79 

-21.3497 

11.8 

10.0 

1.14 

11.3 

-14.7284 
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DETECTION  LIMIT.  -  3.29857 


2 »4,6  TNBA, STANDARD  WATER  (UG/L) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

O.OOGO 

0.0000 

0.0000 

0.0000 

0.0000 

0.590 

0.450 

0.330 

0.230 

0.380 

1.18 

0.800 

0.400 

0.480 

0.580 

2.36 

0.770 

0.690 

0.800 

1.39 

5.89 

3.11 

2.59 

3.33 

3. ’7 

11.8 

7.58 

9.70 

10.3 

8.97 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

O.QOOO 

0.0000 

0.590 

0.347 

0.0925 

26.6 

-41.1017 

1.18 

C.515 

0.0929 

18.0 

-56.3559 

2.36 

0.912 

0.322 

35.3 

-61.3348 

5.89 

3.20 

0.491 

15.3 

-45.6706 

ii.e 

9.15 

1.19 

13.0 

-22.3472 
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ATNBA  IN  SOIL  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  ATNBA. 


A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  soil  is 
listed  below  in  ug/g: 

Analyte  Range  (ug/g) 

ATNBA  0.51  to  10.2 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  soil 
detection  limit  designated  in  Section  1C  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

ATNBA  750,970  1,780 


The  normalized  response  (integrator  counts)  at  the  standard  soil 
detection  limit  designated  in  Section  1C  is  listed  below: 

Analyte  Integrator  Counts  Nanograms 

ATNBA  429,880  1,010 


C .  DETECTION  LIMIT 

The  detection  limit  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  listed  below: 

Analyte  Detection  Limit  (ug/g) 

ATNBA  3.5 
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The  detection  limit  in  standard  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  listed  below: 

Analyte  Detection  Limit  (ug/g) 

ATOM  2.0 

D .  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile 
organic  compounds  which  absorb  light  at  254  nm  and  are 
extractable  from  soil  with  methylene  chloride.  Interferences 
are  minimized  by  Florisil*  Sep-Pak*  cleanup. 

E .  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
8  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  8  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT 
REGISTRY  NUMBER 

Analyte  Alternate  Nomenclature 

ATOM  2,4,6-trinitrobenzene  carbonal 

2,4,6-trinitrobenzene  carbox- 
aldehyde 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 

Melting  Boiling  Density 

Analyte  Formula  Point  (*C)  Point  (*C)  (g/ml) 

ATOM  C7H307N3  119  ~  — 


SERVICE  (CAS) 


CAS  Registry 
Number 

606-34-8 
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Chemical  Structure 


HC  •  0  • 


C.  CHEMICAL  REACTIONS 

ATNBA  is  explosive  end  rapidly  decomposed  by  light,  and  its 
solutions  oust  be  protected  by  use  of  asber  glass  or  aluminum 
foil  wrapping.  It  decomposes  rapidly  to  135TNB  in  basic 
solution  via  a  red-colored  intermediate.  ATNBA  is  slowly 
decomposed  to  135TN&  by  dissolved  oxygen,  water,  or  upon  heating 
with  water  or  alcohol. 

APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  an 
Altex  Model  133  UV  detector  interfaced  to  a  Spectra  Physics 
Model  4100  computing  integrator. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Altex  Model  153  UV  detector  (A  »  234  nm) 

2.  Column:  Ultrasphere  C18  (4.6-mm  ID  x  25  cm) 

Particle  size:  5  urn 
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3.  Flow  Rate/Mobile  Phase:  1  ml/min 

45Z  H20/55Z  methanol 

4.  Temperature:  25*C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Times: 

Analyte  Retention  Time  (minutes) 

ATM BA  5.8 

135TMB  (decomposition  product)  6.4 

C .  HARDWARE / GLASSWARE 

1.  50-ml  centrifuge  tubes  with  Teflon*-lined  screw  caps  (8); 

2.  250-ml  boiling  flasks  (8); 

3.  Glass  filter  funnels  (8); 

4.  Rotary  evaporator  (8),  with  controlled  water  bath,  manifold, 
cold  trap,  and  vacuum  pump; 

5.  15-ml  graduated  centrifuge  tubes  (8); 

6.  5-ml  glass  syringes  with  Luer-lock  attachments  (8);  and 

7.  Centrifuge  (capacity  for  50-ml  tubes). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC -grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water— J.T.  Baker  Company; 

4.  Reagent-grade  anhydrous  sodium  sulfate; 

5.  Nanograde  pentane; 

6.  HPLC-grade  acetonitrile — J.T.  Baker  Company;  and 

7.  Florisil*  Sep-Paks* — Waters  Associates. 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  ATNBA  stock  calib.ation  standard  (1.02  mg/ml)  is 
prepared  by  weighing  10,2  mg  of  ATNBA  into  a  10-ml 
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volumetric  flask,  dissolving  the  ATNBA  in  a  few  ml  of 
acetonitrile,  and  diluting  to  the  mark  with  acetonitrile. 

The  stock  solution  should  be  stored  under  nitrogen,  in  an 
amber  vial,  in  a  freezer.  The  stock  solution  should  be 
replaced  on  a  monthly  basis  or  sooner  if  degradation  is 
observed  (bright  pink  color  or  appearance  of  135TNB  on 
chromatogram) . 

2.  An  intermediate  calibration  standard  is  prepared  by  diluting 
2  ml  of  the  stock  solution  to  10  ml  with  acetonitrile.  This 
standard  should  be  stored  under  nitrogen,  in  a  septum- 
sealed,  amber  vial  in  the  freezer.  The  standard  should  be 
replaced  on  a  weekly  basis  or  sooner  if  degradation  is 
observed. 

3.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  intermediate  calibration  standard.  The 
working  calibration  standards  should  be  made  fresh  just 
prior  to  analysis.  Dilute  with  a  50Z  methanol/SOZ  water 
solution  which  has  been  vacuum  degassed  and  stored  under 


nitrogen, 

Prepare  the  dilutions  as  follows: 

Working 

Calibration 

Standard 

Standard  Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 
Volume  (i 

A 

Intermediate  Calibration 
Standard 

1 

10 

B 

Intermediate  Calibration 
Standard 

0.5 

10 

C 

Intermediate  Calibration 
Standard 

0.1 

5 

D 

Intermediate  Calibration 
Standard 

0.1 

10 

E 

Intermediate  Calibration 
Standard 

0.05 

10 

F 

Working  Calibration 
Standard  C 

1 

10 
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Working  Calibration 
Standard _ 

A 

B 

C 

D 

G 

F 

B.  CONTROL  SPIKES 

1.  Use  the  intermediate  calibration  standard  as  the  control 
spiking  solution. 

2.  Allow  the  soil  sample  to  air  dry  on  the  dull  side  of 
aluminum  foil  until  it  can  be  sieved  through  a  30-mesh 
sieve.  (Sediment  samples  are  extracted  wet.) 

3.  Weigh  20  g  of  sieved  soil  or  wet  sediment  into  a  50-ml 
centrifuge  tube  with  a  Tef lon*-lined  screw  cap. 

4.  Pipette  a  known  amount  of  the  control  spike  solutions  into 
3  ml  of  methylene  chloride  and  quantitatively  transfer  to 
the  20-g  soil  sample.  The  quantity  spiked  should  be 
selected  to  provide  a  concentration  of  0.5  to  10.0  times  the 
detection  limit. 

Spike  Volume 
(ml) 

0.05 

0.1 

0.2 

0.5 

1.0 

5.  Allow  the  soil  to  air  dry  for  at  least  1  hour.  Shake  the 
soil  to  ensure  mixing  of  the  spiking  solution  throughout  the 
sample. 

6.  Extract  the  sample  according  to  the  procedure  presented  in 
Section  5B. 


Concentration 

(ug/ml) 

20.4 

10.2 

4.08 

2.04 

1.02 

0.408 
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PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Let  all  soil  samples  air  dry  on  Che  dull  side  of  aluminum 
foil  until  chey  are  suitably  dry  so  they  can  be  sieved 
through  a  30-mesh  sieve. 

2.  Sample  the  sieved  soil  by  quartering  and  weighing  20  g  into 
a  50-ml  centrifuge  tube. 

B .  EXTRACTION 

1.  Add  30  ml  of  methylene  chloride  to  the  centrifuge  tube. 

2.  Cap  the  tube,  shake  for  3  minutes,  and  centrifuge  for 
5  minutes  at  2,000  rpm. 

3.  Decant  off  the  methylene  chloride  and  pass  through  a  glass 
funnel  filled  with  a  small  plug  of  glass  wool  and 
approximately  20  g  of  anhydrous  sodium  sulfate  into  a  250-ml 
boiling  flask.  In  event  of  a  wet  sediment,  the  methylene 
chloride  layer  should  be  withdrawn  by  use  of  a  Pasteur  pipet 
and  the  aqueous  layer  retained. 

4.  Steps  1  through  3  should  be  repeated  twice  more  and  the 
methylene  chloride  extracts  combined.  The  extracts  in  the 
boiling  flask  should  be  protected  from  light  by  covering 
with  aluminum  foil. 

5.  After  the  third  extract  has  been  transferred  to  the  boiling 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with 
approximately  20  ml  of  methylene  chloride. 

6.  Concentrate  the  methylene  chloride  extract  by  rotary 
evaporation  on  a  35 *C  water  bath. 

7.  When  the  apparent  volume  of  Che  solution  remaining  in  the 
flask  is  about  1  ml,  remove  the  apparatus  from  the  rotovap. 
Transfer  the  extract  to  a  15-ml  graduated  centrifuge  tube 
using  a  Pasteur  pipet.  Rinse  the  boiling  flask  with  an 
additional  1  ml  of  methylene  chloride,  and  transfer  the 
rinses  to  the  centrifuge  tube.  Raise  the  volume  of  the 
extract  to  2.5  ml  with  methylene  chloride. 
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8.  Raise  to  a  final  volume  of  5  ml  by  adding  nanograde  pentane. 
Mix. 

9.  Equip  a  5-ml  glass  syringe  with  a  Florisil*  Sep-Pak*.  Pour 
the  extract  into  the  syringe  and  pass  through  the  Sep-Pak*, 
discarding  the  eluent. 

10.  Put  5  ml  of  a  202  acetonitrile/802  methylene  chloride 
solution  in  the  centrifuge  tube  and  pour  into  the  syringe. 
Elute  the  Sep-Pak*  into  the  original  boiling  flask. 

11.  Evaporate  the  extract  on  a  rotovap  to  an  approximate  volume 
of  1  ml.  Add  10  ml  of  acetonitrile,  and  reduce  the  volume 
to  1  ml.  Repeat  with  a  further  addition  of  10  ml  of 
acetonitrile  and  a  final  volume  of  1  ml. 

12.  Transfer  the  1-ml  extract  to  a  15-ml  graduated  centrifuge 
tube  using  a  Pasteur  pipet.  Rinse  the  flask  with  an 
additional  2  ml  of  acetonitrile  (which  has  been  vacuum 
degassed  and  stored  under  nitrogen)  and  transfer  to  the 
centrifuge  tube.  Raise  to  a  volume  of  4  ml  with 
acetonitrile  and  to  a  final  volume  of  10  ml  with  HPLC-grade 
water  (vacuum  degassed  and  stored  under  nitrogen) . 

13.  Transfer  to  a  5-ml  amber,  septum-sealed  vial  for  storage  at 
4*C.  Fill  the  vial  to  minimize  headspace. 

14.  The  extract  is  now  ready  for  chromatography  by  HPLC.  The 
extract  should  be  analyzed  within  24  hours  and  preferably 
immediately. 

C.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3B. 

3.  Measure  the  response  of  the  component  of  interest. 
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6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

B.  Determine  the  concentration  of  ATNBA  according  to  the  following 
formula: 

(A)(Vc) 

Concentration  (ug/g)  ■  - - - 

ws 

where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

Vt  ■  Volume  of  total  extract  (ml),  and 

Wg  ■  Weight  of  initial  sample  extracted  (g). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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35DNP  IN  WATER  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  35DNP. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  soil  is 
0.61  to  12.2  ug/L. 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  water 
detection  limit  designated  in  Section  1(0  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

35DNP  69,000  510 

The  normalized  response  (integrator  counts)  at  the  standard 
water  detection  limit  designated  in  Section  1(C)  is  listed 
below: 

Analyte  Integrator  Counts  Nanograms 

35DNP  58,000  431 

C.  DETECTION  LIMIT 

The  detection  limit  in  natural  water  calculated  according  to 
Hubaux  and  Vos  (1970),  is  4.5  ug/L.  The  detection  limit  in 
standard  water  is  3.8  ug/L. 

D .  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile, 
water  soluble  organic  cospounds  which  absorb  light  at  340  nm  and 
are  extractable  from  water  with  methylene  chloride.  Inter* 
ferences  are  minimised  by  a  base-neutral  pre-extraction  of  the 
sample  and  a  Florieil*  Sep-Pak*  cleanup. 


1 


AMD .3/DINH20 . 2 
7/22/82 


E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  cen  analyse 
20  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  six  extractions  in  an  8-hour  day. 


2. 


CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

35DNP  None  586-11-8 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


Acid 

Melting  Dissociation 

APAlyta  Formula  Point  (*C)  Constant 

35DNP  <%H305N2  126  pk,  -6.7 

Chemical  Structure 


OH 


C.  CHEMICAL  REACTIONS 

33DHP  undergoes  normal  phenolic  reactions  such  as  ecid 
dissociation.  No  reactions  which  adversely  affected  the 
stability  of  the  compound  were  observed. 

I 

3.  APPARATUS  ' 

A.  INSTRUMENTATION 

Altex  Model  322  dual  pump  liquid  chromatograph  equipped  with  an 
Altex  Model  153  UP  detector  and  340-nm  filter  interfaced  to  a 
Spectra  Physics  Model  A 100  computing  integrator. 
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B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Alt ex  Model  153  fixed-wavelength  detector 
equipped  with  a  340-nm  filter.  (Xs  340  no) 

2.  Column:  Ultrasphere  C18  (4.6-mn  ID  x  25  cm) 

Particle  size:  5  urn 

3.  Flow  Rate/Mobile  Phase:  1  ml /min 

30Z  water/70Z  methanol/ 

0.03  M  H3PO4 

4.  Temperature:  ,  25 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  6.0  minutes 

C .  HARDWARE/GLASSWARE 

1.  1-L  Teflon*  separatory  funnels  with  screw  caps  (6); 

2.  Short-stemmed  glass  funnels  (6); 

3.  500-ml  K-D  evaporative  flasks,  acid  washed  (6); 

4.  3-ball  Snyder  columns  (6); 

5.  2-ball  micro-Snyder  columns  (6); 

6.  10-ml  graduated  centrifuge  tubes  (6); 

7.  5-ml  glass  syringes  with  Luer-lock  tips  (6);  and 

8.  1-liter  graduated  cylinders  (6). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water — J.T.  Baker  Company; 

4.  Acid-washed,  anhydrous  sodium  sulfate  (reagent  grade) — 
prepared  as  follows:  in  a  500-ml,  round-bottom  flask, 
slurry  100  g  of  anhydrous  sodium  sulfate  with  200  ml  of 
diethyl  ether  containing  0.1  ml  of  concentrated  sulfuric 
acid.  Attach  the  flask  to  a  rotary  evaporator  and  remove 
the  ether  by  vacuum  evaporation.  Store  the  treated  sodium 
sulfate  at  130*C. 
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5.  Acid-treated  glass  wool — Supelco  2-0383; 

6.  6N  NaOH — weigh  out  240  g  of  reagent-grade  NaOR  pellets  and 
dissolve  in  1  L  of  organic-free  water; 

7.  85Z  phosphoric  acid,  reagent  grade; 

8.  6N  HC1— dilute  concentrated  HC1  1:1  with  water; 

9.  Florisil*  Sep-Paks* — Waters  Associates; 

10.  Sodium  chloride,  reagent  grade; 

11.  Teflon*  boiling  chips;  and 

12.  ColorpHast*  pH  indicator  sticks — MC/B  Manufacturing 
Chemists,  Inc. 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  stock  calibration  standard  (1.22  mg/ml)  is  prepared  by 
weighing  12.2  ag  of  35DNP  into  a  10-ml  volumetric  flask, 
dissolving  in  a  few  ml  of  methanol,  and  diluting  with 
methanol  to  the  mark. 

2.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  stock  calibration  standard.  Dilute  with 
the  HPLC  mobile  phase  (30Z  water/70Z  methanol/0.03  M 


H3PO4)  as  follows: 

Working 

Calibration 

Standard 

Standard 

Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 

Volume  (ml) 

A 

Stock  Calibration 
Standard 

1 

50 

B 

Standard  A 

5 

10 

C 

Standard  A 

1 

10 

D 

Standard  A 

2 

25 

E 

Standard  A 

1 

25 

P 

Standard  A 

1 

50 
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Working 

Calibration 

Standard  Concentration  (ug/ml) 

A  24.4 


B 

C 

D 

E 

F 


12.2 

2.44 

1.95 

0.976 

0.488 


B.  CONTROL  SPIKES 

1.  Use  Working  Calibration  Standard  A  as  the  control  spike 
solution. 

2.  Measure  900  ml  of  water  into  a  1-L  Teflon*  separatory 
funnel . 

3.  Pipet  a  known  amount  of  the  control  spike  solution  into  the 
900-ml  sample.  The  quantity  spiked  should  be  selected  to 
provide  a  concentration  of  0.5  to  10.0  times  the  detection 
1  imit . 


Spike  Volume 
(ml) 

0.05 

0.10 

0.20 

0.50 

1.00 


Concentration  of  Spiked 
_ Water  (ug/L) _ 

1.36 

2.71 

5.42 

13.6 

27.1 


4.  Shake  the  sample  to  assure  a  homogeneous  mixture  before 
extraction. 


PROCEDURE 
A.  EXTRACTION 

1.  Measure  900  ml  of  sample  to  be  analysed  and  pour  into  a 
1-L  separatory  funnel. 

2.  Adjust  the  sample  pH  to  12  with  6N  NaOH  (approximately 

3  ml).  Add  100  g  of  NaCl  to  the  sample.  Shake  the  sample 
to  dissolve  the  salt. 
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3.  Add  100  ml  of  methylene  chloride  end  shake  for  1  minute. 
Allow  the  layers  to  separate  at  least  10  minutes. 
Centrifugation  or  placing  the  separatory  funnel  in  an 
ultrasonic  bath  aids  in  breaking  any  emulsions. 

4.  Discard  the  methylene  chloride  extract. 

5.  Add  3  ml  of  85Z  H3PO4  to  the  sample.  Mix  well  and  then 
adjust  the  pH  to  3  by  adding  6N  NaOH  (approximately 
3.5  ml). 

6.  Extract  the  sample  sequentially  with  three  100-ml  portions 
of  methylene  chloride  using  2-minute  shake  times  and 
10-minute  separation  times. 

7.  Pass  the  extracts  through  a  glass  funnel  containing 
approximately  20  g  of  acid-washed  sodium  sulfate  and  an 
acid-washed  glass  wool  plug.  Collect  the  extracts  in  an 
acid-washed  K-D  apparatus  with  a  10-ml  receiver.  Rinse  the 
sodium  sulfate  with  approximately  20  ml  of  methylene 
chloride.  Add  a  Teflon*  boiling  chip  to  the  extract,  and 
attach  a  three-ball  Snyder  column  to  the  apparatus. 

8.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath,  immersing  the  receiver 
nearly  up  to  the  joint.  The  balls  in  the  Snyder  column 
should  chatter  actively  at  the  proper  evaporation  rate. 

9.  Let  the  apparent  volume  of  extract  in  the  receiver  decrease 
to  approximately  2  ml,  then  remove  the  receiver  from  the 
bath  and  let  cool.  Detach  the  receiver  from  the  K-D 
apparatus  and  add  methylene  chloride  to  raise  the  volume  to 
approximately  5  ml. 

10.  Attach  a  Florisil*  Sep-Pak*  to  a  5 -ml  syringe  and  transfer 
the  extract  into  the  syringe.  Pass  the  entire  extract 
through  the  Sep-Pak*  at  a  rate  of  approximately  5  ml/min  and 
discard  the  eluate.  Rinse  the  receiver  with  an  additional 
1  ml  of  methylene  chloride,  pass  the  rinses  through  the 
Sep-Pak*,  and  discard  the  eluate. 
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11.  Elute  the  analyte  from  the  Sep-Pak*  with  5  ml  of  52  methanol 
in  methylene  chloride  and  collect  in  the  original  receiver. 

12.  Add  approximately  2  ml  of  methanol  and  a  freah  Teflon* 
boiling  chip  to  the  receiver  and  attach  the  two-ball  micro- 
Snyder  column.  Concentrate  to  approximately  2  ml  on  a  90*C 
water  bath.  Repeat  the  concentration  by  adding  10  ml  of 
methanol  and  reconcentrating  to  approximately  2  ml.  Repeat 
this  process  once  more  by  adding  10  ml  of  methanol  and 
reducing  the  volume  to  less  than  1.0  ml. 

13.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube,  rinsing 
the  receiver  with  0.5  ml  of  HPLC-grade  water.  Add  two  drops 
of  852  phosphoric  acid  and  raise  the  extract  volume  to 
exactly  2.0  ml  in  the  centrifuge  tube  with  HPLC-grade 
water. 

14.  Transfer  to  a  2-ml  septum-sealed  vial  for  storage  at  4*C. 

The  extract  is  now  ready  for  HPLC  analysis. 

B.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  35DNP  peak. 

6.  CALCULATIONS 

A.  Prepare  <?  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

B.  Determine  the  concentration  of  35DNP  according  to  the  following 
formula: 


(A)(Vt) 

Concentration  (ug/L)  - - s - 

vs 
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where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  extract  by  comparison  with  the  appropriate 
standard  curve, 

Vt  “  Volume  of  total  extract  (ml),  and 
Vs  '*  Volume  of  initial  sample  extracted  (L). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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35DNP  IN  SOIL  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  35DNP. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  soil  is 
0.61  to  12.2  ug/g. 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  soil 
detection  limit  designated  in  Section  1(C)  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

35DNP  125,596  850 

The  normalized  response  (integrator  counts)  at  the  standard  soil 
detection  limit  designated  in  Section  1(C)  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

35DNP  140,160  950 

C.  DETECTION  LIMIT 

The  detection  limit  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  1.7  ug/g.  The  detection  limit  in 
standard  soil  is  1.9  ug/g. 

D .  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile, 
water  soluble  organic  compounds  which  absorb  light  at  340  nm  and 
are  extractable  from  water  with  methylene  chloride.  Inter* 
ferences  are  minimized  by  a  water  extraction  of  the  sample  and  a 
Florisil*  Sep-Pak*  cleanup. 
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E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
20  extracts  in  an  8-hour  day.  One  an-'  '•t  can  perform 
approximately  six  extractions  in  an  8*-'.ur  day. 


2 .  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AMD  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Analyte  Alternate  Nomenclature  N«— bar 

35DNP  None  586-11-8 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 


Analyte 

35DNP 


Formula 


Acid 

Melting  Dissociation 

Point  CO  Constant 


C3H3O5N2  126 


pka  -  6.7 


Chemical  Structure 


C.  CHEMICAL  REACTIONS 

35DNP  undergoes  normal  phenolic  reactions  such  as  acid 
dissociation.  No  reactions  which  adversely  affected  the 
stability  of  the  compound  were  observed. 


3.  APPARATUS 

A.  INSTRUMENTATION  ‘  * 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  an 
Altex  Model  153  UV  detector  and  340- nm  filter  interfaced  to  a 
Spectra  Physics  Model  4100  computing  integrator. 
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B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Alt ex  Model  153  fixed-wavelength  detector 
equipped  with  a  340-nm  filter  (A*  340  nm) 

2.  Column:  Ultrasphere  C18  (4.6-tnm  ID  x  25  cm) 

Particle  size:  5  urn 

3.  Flow  Rate/Mobile  Phase:  1  ml/min 

30Z  water /70Z  methanol 
0.03  M  H3PO4 

4 .  Temper at  ure :  25  *  C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  6.0  minutes 

C.  HARDWARE /GLASSWARE 

1.  250-ml  separatory  funnels  with  stoppers,  acid  washed  (6); 

2.  Short-stemmed  glass  funnels  (6); 

3.  500-ml  K-D  evaporative  flasks,  acid  washed  (6); 

4.  3-ball  Snyder  columns  (6); 

5.  2-ball  micro-Snyder  columns  (6); 

6.  10-ml  graduated  centrifuge  tubes  (6); 

7.  5 -ml  glass  syringes  with  Luer-lock  tips  (6); 

8.  1-L  graduated  cylinders  (6);  and 

9.  50-ml  centrifuge  tubes  with  Teflon*-lined  screw  caps  (6). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water— J.T.  Baker  Company; 

4.  Acid-washed,  anhydrous  sodium  sulfate  (reagent  grade) — 
prepared  as  follows:  in  a  500-ml,  round-bottom  flask, 
slurry  100  g  of  anhydrous  sodium  sulfate  with  200  ml  of 
diethyl  ether  containing  0.1  ml  of  concentrated  sulfuric 
acid.  Attach  the  flask  to  a  rotary  evaporator  and  remove 
the  ether  by  vacuum  evaporation.  Store  the  treated  sodium 
sulfate  at  130*C. 
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5.  Ac’<*-trea  1  glass  wool — Supelco  2-0383; 

6.  851  phosphoric  acid,  reagent  grade; 

7.  6N  HC1—  ite  concentrated  HC1  1:1  with  water  for  acid 
washing  gl  'ware; 

8.  Florisil*  Sep-Paks* — Waters  Associates; 

9.  Sodium  chloride,  reagent  grade; 

10.  Teflon*  boiling  chips;  and 

11.  ColorpHast*  pH  indicator  sticks~MC/B  Manufacturing 
Chemi  st  s ,  Inc . 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  stock  calibration  standard  (1.22  mg/ml)  is  prepared  by 
weighing  12.2  mg  of  35DNP  into  a  10-ml  volumetric  flask, 
dissolving  in  a  few  ml  of  methanol,  and  diluting  with 
methanol  to  the  mark. 

2.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  stock  calibration  standard.  Dilute  with 
the  HPLC  mobile  phase  (302  water/702  methanol/0.03  M 


H3PO4 )  as  follows: 

Working 
Calibrat ion 
Standard 

Standard 

Diluted 

Volume 
of  Standard 
Used  (ml) 

Final 

Volume  (ml) 

A 

Stock  Calibration 
Standard 

5 

25 

B 

Standard  A 

1 

10 

C 

Standard  A 

0.5 

10 

D 

Standard  B 

2 

10 

E 

Standard  B 

1 

10 

P 

Standard  B 

0.5 

10 

G 

Standard  C 

0.5 

10 
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Working 
Calibrat ion 
Standard 

A 

B 

C 

D 

E 

F 

G 


Concentration  (ug/ml) 
244 
24.4 
12.2 
4.88 
2.44 
1.22 
0.61 


B.  CONTROL  SPIKES 

1.  Uae  Working  Calibration  Standard  A  as  the  control  spike 
solution. 

2.  Weigh  out  20.0  g  of  soil  into  a  50-ml  centrifuge  tube. 

3.  Pipet  a  known  amount  of  the  control  spike  solution 
(dissolved  in  a  sufficient  volume  of  HPLC-grade  water  to 
just  wet  the  soil)  into  the  centrifuge  tube.  The  quantity 
spiked  should  be  selected  to  provide  a  concentration  of  0.5 
to  10.0  times  the  detection  limit. 


Volume  of  Control 
Spike  Solution  (ml) 

0.05 

0.10 

0.20 

0.50 

1.00 


Concentration  of  Spiked 
_ Soil  (ug/L) _ 

0.61 

1.22 

2.44 

6.1 

12.2 


4.  Shake  the  sample  to  mix  and  let  set  1  hour  to  air  dry. 


PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Let  soil  sample  air  dry  on  dull  side  of  aluminum  foil  until 
it  can  be  sieved  through  a  30-mesh  sieve. 
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2.  Sample  the  sieved  soil  by  quartering  and  place  20.0  g  into  a 
50-ml  centrifuge  tube. 

B .  EXTRACTION 

1.  Add  35  ml  of  HPLC-grade  water  to  th»  centrifuge  tube  and  mix 
thoroughly  by  shaking  for  3  minutes.  Centrifuge  the  sample 
at  approximately  3,000  rpm  for  15  minutes,  and  decant  the 
water  layer  into  a  250-ml  separatory  funnel. 

2.  Repeat  Step  1  twice  more  and  combine  the  extracts. 

3.  Adjust  the  pH  of  the  water  extracts  to  3  with  85Z  phosphoric 
acid. 

4.  Extract  the  water  extracts  sequentially  with  three  80-ml 
portions  of  methylene  chloride  using  2-minute  shake  times 
and  10-minute  separation  times. 

5.  Pass  the  methylene  chloride  extracts  through  a  glass  funnel 
containing  approximately  20  g  of  acid-washed  sodium  sulfate 
and  an  acid-washed  glass  wool  plug.  Collect  the  extracts  in 
an  acid-washed  K-D  apparatus  with  a  10-ml  receiver.  Rinse 
the  sodium  sulfate  with  approximately  20  ml  of  methylene 
chloride.  Add  a  Teflon*  boiling  chip  to  the  extract,  and 
attach  a  three-ball  Snyder  column  to  the  apparatus. 

6.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath,  immersing  the  receiver 
nearly  up  to  the  joint.  The  balls  in  the  Snyder  column 
should  chatter  actively  at  the  proper  evaporation  rate. 

7 .  let  the  apparent  volume  of  extract  in  the  receiver  decrease 
to  approximately  2  ml,  then  remove  the  receiver  from  the 
bath  and  let  cool.  Detach  the  receiver  from  the  K-D 
apparatus  and  add  methylene  chloride  to  raise  the  volume  to 
approximately  5  ml. 

8.  Attach  a  Florisil*  Sep-Pak*  to  a  5 -ml  syringe  and  transfer 
Che  extract  into  the  syringe.  Pass  the  entire  extract 
through  the  Sep-Pak*  at  a  rate  of  approximately  5  ml /min  and 
discard  the  eluate.  Rinse  the  receiver  with  an  additional 
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1  ml  of  methylene  chloride,  pass  the  rinses  through  the 
Sep-Pak*,  and  discard  the  eluate. 

9.  Elute  the  analyte  from  the  Sep-Pak*  with  5  ml  of  5Z  methanol 
in  methylene  chloride  and  collect  in  the  original  receiver. 

10.  Add  approximately  2  ml  of  methanol  and  a  fresh  Teflon* 
boiling  chip  to  the  receiver  and  attach  the  two-ball  micro- 
Snyder  column.  Concentrate  to  approximately  2  ml  on  a  90*C 
water  bath.  Repeat  the  concentration  by  adding  10  ml  of 
methanol  and  reconcentrating  to  approximately  2  ml.  Repeat 
this  process  once  more  by  adding  10  ml  of  methanol  and 
reducing  the  volume  to  less  than  2.0  ml. 

11.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube,  rinsing 
the  receiver  with  2 -ml  of  HPLC-grade  water.  Add  two  drops 
of  85Z  phosphoric  acid  and  raise  the  extract  volume  to 
exactly  10.0  ml  in  the  centrifuge  tube  with  HPLC-grade 
water. 

12.  Transfer  a  portion  of  the  sample  to  a  2-ml  septum-sealed 
vial  for  storage  at  4*C.  The  extract  is  now  ready  for  HPLC 
analysis . 

B.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  35DNP  peak. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

B.  Determine  the  concentration  of  35DNP  according  to  the  following 
formula: 

(A) (Vt ) 

Concentration  (ug/g)  ■ — j - 


7 


AMD.3/DINSOIL.8 

7/22/82 

where:  A  *  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  extract  by  comparison  with  the  appropriate 
standard  curve, 

Vt  -  Volume  of  total  extract  (ml),  and 
Ws  *  Weight  of  initial  sample  extracted  (g). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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Chromatogram  of  an  Extract  of  a  Natural  Soil  Sample 
Spiked  with  35DNP  at  1.2  ug/g 


3*5  riNITROFhENOL.STD.SOIL  CUG/G) 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

3.GCC0 

0.GC0C 
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2.21 

1.94 

2.39 

6.10 

4.50 

4.75 

5.20 

6.00 

12.2 

9.75 

8.35 

9.39 

9.40 

TARGET 
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AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

O.CCCO 

0.0000 

0.0000 

0.0000 

0.0000 

0.610 

0.305 

0.152 

49.8 

-50.0000 

1.22 
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0.135 

16.4 

-32. 5820 

2.44 

2.11 

0.226 

10.7 

-13.3197 

6.10 
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12.9 

-16.1885 

12.2 

9.22 

0.605 

6.56 

-24.4057 
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0.0000 
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0.610 
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1.22 

2.44 

1.59 

1.71 

1.85 

2.70 

6.10 

4.87 

4.70 

5.10 

5.71 

12.2 

9.89 

9.65 

10.1 

8.60 

TARGET 

AVERAGE 

STANDARD 

PERCENT 

PERCENT 

CONCENTRATION 

FOUND  VALUE 

DEVIATION 

IMPRECISION 

INACCURACY 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

G.610 

0.310 

0.0535 

17.3 

-49.1803 

1.22 

0.960 

0.247 

25.7 

-21.3115 

2.44 

1.96 

0.503 

25.6 

-19.5697 

6.10 

5.09 

0.442 

8.67 

-16.4754 

12.2 

9.55 

0.655 

6.86 

-21.7213 
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3S0NA  IN  WATER  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
water  samples  for  35DNA. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  water  is 
0.58  to  11.7  ug/L. 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  water 
detection  limit  designated  in  Section  1(C)  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

35DNA  89,900  342 

The  normalized  response  (integrator  counts)  at  the  standard 
water  detection  limit  designated  in  Section  1(C)  is  listed 
below: 

Analyte  Integrator  Counts  Nanograms 

35DNA  31,300  120 

C.  DETECTION  LIMIT 

The  detection  limit  in  natural  water  calculated  according  to 
Hubaux  and  Vos  (1970),  is  3.0  ug/L.  The  detection  limit  in 
standard  water  is  1.1  ug/L. 

D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile 
basic  and  neutral  organic  compounds  which  absorb  light  at 
395  nm  and  are  extractable  from  water  with  methylene  chloride. 
Interferences  are  minimized  by  Floriail*  Sep-Pak*  cleanup. 
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E .  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
20  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  eight  extractions  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT 
REGISTRY  NUMBER 

Analyte  Alternate  Nomenclature 

35DNA  3,3-dinitroaniline, 

1 -amino-3, 5-dinitrobenzene 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 

Acid 

Melting  Dissociation 

Analyte  Formul a  Point  (*C)  Constant 

35DNA  qjH504N3  160-182  pk.  -  0.23 

Chemical  Structure 


NH2 


SERVICE  (CAS) 

CAS  Registry 
Number 

618-87-1 


C.  CHEMICAL  REACTIONS 

35DNA  reacts  as  a  weak  base. 

3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  a 

Perkin-Elmer  LC-75  variable-wavelength  detector  interfaced  to  a 

» 

Spectra  Physics  Model'4100  computing  integrator. 
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B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin-Elmer  LC-75  variable-wavelength  detector 

(  A  -  395  nm) 

2.  Column:  Ultrasphere  ODS  (4.6-mm  ID  x  25  cm 

Particle  size:  5  urn 

3.  Flow  Rate/Mobile  Phase:  1  ml/min 

302  water/702  methanol 

4.  Temperature:  25 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  5.6  minutes 

C.  HARDWARE /GLASSWARE 

1.  1-L  glass  separatory  funnels  with  stoppers  (8); 

2.  Short-stemmed  glass  funnels  (8); 

3.  500-ml  K-D  evaporative  flasks  (8); 

4.  25-ml  graduated  K-D  receivers  (8); 

5.  3-ball  Snyder  columns  (8); 

6.  2-ball  micro-Snyder  columns  (8); 

7.  10-ml  graduated  centrifuge  tubes  (8); 

8.  5-ml  glass  syringes  with  Luer-lock  at tachment s(8) ; 

9.  1-L  graduated  cylinders  (8);  and 

10.  100-ml  graduated  cylinder  (1). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol— J.T.  Baker  Company; 

3.  HPLC-grade  water— J.T.  Baker  Company; 

4.  Anhydrous  sodium  sulfate,  reagent  grade; 

5.  Glass  wool; 

6.  Teflon*  boiling  chips; 

7.  Florisil*  Sep-Paks*— Waters  Associates; 
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8.  6M  sodium  hydroxide— weigh  out  240  g  of  reagent-grade  NaOH 
pellets  and  dissolve  in  1  L  of  HPLC-grade  water;  and 

9.  ColorpHast*  pH  indicator  sticks — MC/B  Manufacturing 
Chemists,  Inc. 


4.  STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  The  35DNA  stock  calibration  standard  (1.05  mg/ml)  is 
prepared  by  weighing  10.5  mg  of  35DNA  into  a  10-ml 
volumetric  flask,  dissolving  the  35DNA  in  a  few  ml  of 
methanol,  and  diluting  with  methanol  to  the  mark. 


2.  Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  stock  calibration  standard.  Dilute  with 


50Z  methanol /50X  water  as  follows: 


Working 

Calibration 

Standard 


Volume 

Standard  of  Standard 

Diluted  Used  (ml) 


Final 

Volume  (ml) 


A 

Stock  Calibration 
Standard 

1 

100 

B 

Standard  A 

5 

10 

C 

Standard  A 

1 

10 

D 

Standard  A 

2 

25 

E 

Standard  A 

1 

25 

F 

Standard  A 

1 

50 

Working 

Calibration 

Standard 

A 

B 

C 

D 

E 

F 


Concentration  (ug/ml) 
10.5 
5.25 
1.05 
0.84 
0.42 
0.21 
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B.  CONTROL  SPIKES 

1.  Use  Working  Cslibration  Standard  A  as  the  control  spike 
solution. 

2.  Measure  900  ml  of  water  into  a  1-L  separatory  funnel. 

3.  Pipet  a  known  amount  of  the  control  spike  solution  into  the 
900-ml  sample.  The  quantity  spiked  should  be  selected  to 
provide  a  concentration  of  0.5  to  10.0  times  the  detection 
limit . 

Spike  Volume 
(ml) 

0.05 

0.10 

0.20 

0.50 

1.00 

4.  Shake  the  sample  to  assure  a  homogeneous  mixture  before 
extraction. 

5.  PROCEDURE 

A.  EXTRACTION 

1 .  Measure  900  ml  of  sample  to  be  analyzed  and  pour  into  a 
1-L  separatory  funnel. 

2.  Adjust  the  sample  pH  to  12  with  6N  NaOH  (approximately 
3  ml) . 

3.  Extract  the  sample  sequentially  with  three  100-ml  portions 
of  methylene  chloride  using  2-minute  shake  times  and 
10-minute  separation  times.  Centrifuge  or  sonicate  to 
separate  any  resulting  emulsions. 

4.  Pass  the  extracts  through  a  glass  funnel  containing 
approximately  20  g  of  sodium  sulfate  and  a  glass  wool  plug. 
Collect  the  extracts  in  a  K-D  apparatus  equipped  with  a 
10-ml  receiver.  Rinse  the  sodium  sulfate  with  approximately 


Concentration  of  Spiked 
_ Water  (ug/L) _ 

0.58 

1.17 

2.33 

5.83 

11.67 


5 


AMD.3/DNAH20.6 

7/22/82 

20  ml  of  mechylene  chloride.  Add  a  Teflon*  boiling  chip  to 
the  extract,  and  attach  a  three-ball  Snyder  column  to  the 
apparatus. 

5.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath,  immersing  the  receiver 
nearly  up  to  the  joint.  The  balls  should  chatter  actively 
at  the  proper  evaporation  rate. 

6.  Let  the  apparent  volume  of  extract  decrease  to  approximately 
2  ml,  then  remove  from  the  bath,  and  let  cool.  Remove  the 
receiver  from  the  K-D  apparatus  and  add  methylene  chloride 
to  raise  the  volume  to  approximately  5  ml. 

7.  Attach  a  Florisil*  Sep-Pak*  to  a  5-ml  syringe  and  transfer 
the  extract  into  the  syringe.  Pass  the  entire  extract 
through  the  Sep-Pak*  at  a  rate  of  approximately  5  ml/min  and 
discard  the  eluate.  Rinse  the  receiver  with  an  additional 

1  ml  of  methyleaa  chloride,  pass  the  rinses  through  the 
Sep-Pak*,  and  discard  the  eluate. 

8.  Elute  the  analyte  from  the  Sep-Pak*  with  5  ml  of  5%  methanol 
in  methylene  chloride  and  collect  in  the  original  receiver. 

9.  Add  approximately  2  ml  of  methanol  and  a  fresh  Teflon* 
boiling  chip  to  the  receiver,  and  attach  the  two-ball  micro- 
Snyder  column.  Concentrate  to  approximately  2  ml  on  a  90*C 
water  bath.  Add  an  additional  10  ml  of  methanol  and 
reconcentrate  to  approximately  2  ml.  Repeat  this  process 
once  more  by  adding  10  ml  of  methanol  and  concentrating  to  a 
volume  of  approximately  0.5  ml. 

10.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube,  rinsing 
the  receiver  quantitatively  with  0.5  ml  of  HP LC- grade  water. 
Raise  the  extract  volume  to  exactly  2.0  ml  in  the  centrifuge 
tube  with  HPLC-grade  water. 

11.  Transfer  to  a  2 -ml  septum-sealed  vial  for  storage  at  4*C. 

12.  The  extract  is  now  ready  for  HPLC  analysis. 
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C.  ANALYSIS 

1.  Inject  2S0  ui  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  35DNA  peak. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

&.  Determine  the  concentration  of  35DNA  according  to  the  following 
formula: 


(A)(Vt) 

Concentration  (ug/L)  ■  . - 

vs 

where:  A  »  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  by  comparison  with  the  appropriate  standard 
curve, 

-  Volume  of  total  extract  (ml),  and 
Vs  ■  Volume  of  initial  sample  extracted  (L). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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35DNA  IN  SOIL  SAMPINS 


l.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
soil  samples  for  35DNA. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  soil  is 
0.525  to  10.5  ug/g. 

B.  SENSITIVITY 

The  normalized  response  (integrator  counts)  at  the  natural  soil 
detection  limit  designated  in  Section  1(C)  is  listed  below: 
Analyte  Integrator  Counts  Nanograms 

35DNA  167,078  550 

The  normalized  response  (integrator  counts)  at  the  standard 
soil  detection  limit  designated  in  Section  1(C)  is  listed 


below: 

Analyte 

Integrator  Counts 

Nanograms 

35DNA 

79,742 

263 

C.  DETECTION  UNIT 

The  detection  limit  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  1.1  ug/g.  The  detection  limit  in 
standard  soil  is  0.53  ug/g. 

0.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  nonvolatile, 
water  soluble  organic  compounds  which  absorb  light  at 
395  nm  and  are  extractable  from  water  with  methylene  chloride. 
Interferences  are  minimized  by  Florisil*  Sep-Pak*  cleanup. 


1 


AMD.3/DNASOIL.2 

7/22/82 


E .  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
20  extracts  in  an  8-hour  day.  One  analyst  can  perform 
approximately  six  extractions  in  an  8-hour  day. 


2. 


CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Analyte  Alternate  Nomenclature  Number 

35DNA  3, 5-dinit roani line,  618-87-1 

1 -amino-3 , 5-dinit  robenxene 
3 , 5-dinit robenzenamine 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTE 

Acid 

Melting  Dissociation 

Analyte  Formula  Point  (*C)  Constant 

35DNA  C6H504N3  160-162  pka  •  0.23 

Chemical  Structure 


C.  CHEMICAL  REACTIONS 

35DNA  reacts  as  a  weak  base. 


3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  dual-pump  liquid  chromatograph  equipped  with  a 
Perkin-Rlmer  LC-75  variable-wavelength  detector  interfaced  to  a 
Spectra  Physics  Model  4100  computing  integrator. 
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B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detector:  Perkin-Elmer  LC-75  variable-wavelength  detector 
(  X  -  395  nm) 

2-.  Column:  Ultrasphere  ODS  (4.6-mm  ID  x  25  cm) 

Particle  size:  5  um 

3.  Flow  Rate/Mobile  Phase:  1  ml/min 

30%  water/70Z  methanol 

4.  Temperature:  25 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  5.6  minutes 

C.  HARDWARE/GLASSWARE 

1.  250-ml  glass  separatory  funnels  with  stoppers  (6); 

2.  Short-stemmed  glass  funnels  (6); 

3.  500-ml  K-D  evaporative  flasks  (6); 

4.  10-ml  graduated  K-D  receivers  (6); 

5.  3-ball  Snyder  columns  (6); 

6.  2-ball  micro-Snyder  columns  (6); 

7.  10-ml  graduated  centrifuge  tubes  (6); 

8.  5-ml  glass  syringes  with  Luer-lock  attachments  (6); 

9.  50-ml  centrifuge  tubes  with  Tef lon*-lined  screw  caps;  and 

10.  100-ml  graduated  cylinder  (1). 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride; 

2.  HPLC-grade  methyl  alcohol — J.T.  Baker  Company; 

3.  HPLC-grade  water — J.T.  Baker  Company; 

4.  Anhydrous  sodium  sulfate,  reagent  grade; 

5.  Glass  wool; 

6.  Teflon*  boiling  chips; 

7.  Florisil*  Sep-Paks*-- Haters  Associates; 
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4.  STANDARDS 

A,  CALIBRATION  STANDARDS 


The  35DNA  stock  calibration  standard  (1.0S  mg/ml)  is 
prepared  by  weighing  10.5  mg  of  35DNA  into  a  10-ml 
volumetric  flask,  dissolving  the  35DNA  in  a  few  ml  of 
methanol,  and  diluting  with  methanol  to  the  mark. 

Prepare  a  series  of  working  calibration  standards  by  making 
dilutions  of  the  stock  calibration  standard.  Dilute  with 

50%  methanol/50%  water  as  follows: 

Working  Volume 

Calibration  Standard  of  Standard  Final 

Standard  Diluted  Used  (ml)  Volume  (ml) 

A 

Stock  Calibration 

5 

25 

Standard 

B 

Standard  A 

1 

10 

C 

Standard  A 

0.5 

10 

D 

Standard  A 

0.2 

10 

E 

Standard  A 

0.1 

10 

F 

Standard  A 

0.05 

10 

G 

Standard  D 

1 

10 

Working 

Calibrat ion 

Standard 

Concentration  (ug 

/ml) 

A 

210 

B 

21.0 

C 

10.5 

D 

4.2 

E 

2.1 

F 

1.05 

G 

0.42 
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B.  CONTROL  SPIKES 

1.  Use  Working  Calibration  Standard  A  as  the  control  spike 
solution. 

2.  Weigh  out  20.0  g  of  soil  into  a  50-ml  centrifuge  tube. 

3.  Pipet  a  known  amount  of  the  control  spike  solution 
(dissolved  in  a  sufficient  volume  of  HPLC-grade  water  to 
just  wet  the  soil)  into  the  centrifuge  tube.  The  quantity 
spiked  should  be  selected  to  provide  a  concentration  of  0.5 
to  10.0  times  the  detection  limit. 


Volume  of  Control 
Spike  Solution  (ml) 


Concentration  of  Spiked 
Water  (ug/L) 


0.525 


4.  Shake  the  sample  to  mix  and  let  air  dry  for  1  hour. 

5.  PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Let  soil  sample  air  dry  on  dull  side  of  aluminum  foil  until 
it  can  be  sieved  through  a  30-mesh  sieve. 

2.  Sample  the  soil  by  quartering  and  place  20.0  g  into  a  50-ml 
centrifuge  tube. 

B .  EXTRACTION 

1.  Add  35  ml  of  HPLC-grade  water  to  the  centrifuge  tube  and 
shake  for  3  minutes.  Centrifuge  the  sample  at  approximately 
3,000  rpm  for  15  minutes  and  decant  the  water  layer  into  a 
250-ml  separatory  funnel. 

2.  Repeat  Step  1  twice  more  and  combine  the  extracts. 

3.  Extract  the  water  extracts  sequentially  with  three  80-ml 
portions  of  methylene  chloride  using  2-minute  shake  times 
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and  10-minute  separation  times.  Centrifuge  to  separate  any 
resulting  emulsions. 

4.  Pass  the  methylene  chloride  extracts  through  a  glass  funnel 
containing  approximately  20  g  of  sodium  sulfate  and  a  glass 
wool  plug.  Collect  the  extracts  in  a  K-D  apparatus  equipped 
with  a  10-ml  receiver.  Rinse  the  sodium  sulfate  with 
approximately  20  ml  o'f  methylene  chloride.  Add  a  Teflon* 
boiling  chip  to  the  extract,  and  attach  a  three-ball  Snyder 
column  to  the  apparatus. 

5.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80*C  water  bath,  immersing  the  receiver 
nearly  up  to  the  joint.  The  balls  should  chatter  actively 
at  the  proper  evaporation  rate. 

6.  Let  the  apparent  volume  of  extract  decrease  to  approximately 
2  ml,  then  remove  from  the  bath,  and  let  cool.  Remove  the 
receiver  from  the  K-D  apparatus  and  add  methylene  chloride 
to  raise  the  volume  to  approximately  5  ml. 

7.  Attach  a  Florisil*  Sep-Pak*  to  a  5 -ml  syringe  and  transfer 
the  extract  into  the  syringe.  Pass  the  entire  extract 
through  the  Sep-Pak*  at  a  rate  of  approximately  S  ml/min  and 
discard  the  eluate.  Rinse  the  receiver  with  an  additional 

1  ml  of  methylene  chloride,  pass  the  rinses  through  the 
Sep-Pak*,  and  discard  the  eluate. 

8.  Elute  the  analyte  from  the  Sep-Pak*  with  5  ml  of  5Z  methanol 
in  methylene  chloride  and  collect  in  the  original  receiver. 

9.  Add  approximately  2  ml  of  methanol  and  a  fresh  Teflon* 
boiling  chip  to  the  receiver,  and  attach  the  two-ball  micro- 
Snyder  column.  Concentrate  to  approximately  2  ml  on  a  90*C 
water  bath.  Add  an  additional  10  ml  of  methanol  and 
reconcentrate  to  approximately  2  ml.  Repeat  this  process 
once  more  by  adding  10  ml  of  methanol  and  concentrating  to  a 
volume  of  approximately  2.0  ml. 

10.  Detach  the  micro-Snyder  column  from  the  receiver.  Transfer 
the  extract  into  a  10-ml  graduated  centrifuge  tube,  rinsing 
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the  receiver  quantitatively  with  2.0  ml  of  HPLC-grade  water. 
Raise  the  extract  volume  to  exactly  10.0  ml  in  the 
centrifuge  tube  with  HPLC-grade  water. 

11.  Transfer  to  a  2-mi  septum-sealed  vial  for  storage  at  4*C. 

12.  The  extract  is  now  ready  for  HPLC  analysis. 

B.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  using  the  conditions 
given  in  Section  3(B). 

3.  Measure  the  response  of  the  35DNA  peak. 

6.  CALCULATIONS 

A.  Prepare  a  standard  curve  of  concentration  (ug/ml)  of  standard 
versus  peak  area  counts. 

B.  Determine  the  concentration  of  35DNA  according  to  the  following 
formula: 

(A)(Vt) 

Concentration  (ug/g)  - - £ - 

"8 

where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the 

sample  extract  by  comparison  with  the  appropriate 
standard  curve, 

Vt  ■  Volume  of  total  extract  (ml),  and 
W8  ■  Weight  of  initial  sample  extracted  (g). 

7.  REFERENCES 
None  found. 

8.  DATA 

See  attached  data  sheets. 
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TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0 . 0  0  0  0 

G.0000 

G.  0  000 

0.0000 

0.0000 

0.525 

0.380 

0.360 

0.410 

0.380 

1.05 

1.01 

0.880 

0.830 

0.840 

2.10 

1.72 

1.67 

1.61 

1.57 

5.25 

A. 75 

4.69 

4.95 

4.61 

10.5 

9.31 

9.26 

9.05 

9.23 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

deviation 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.525 

0.382 

0.0206 

5.39 

-27.1429 

1 .05 

u.890 

0.0829 

9.31 

-15.2381 

2.10 

1.64 

0.0660 

4.02 

-21.7857 

5.25 

4.75 

0.145 

3.06 

-9.5238 

10.5 

9.21 

0.113 

1.23 

-12.2619 
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TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0000 

0.0000 

3.0000 

0.0000 

0.0000 

0.530 

0.290 

0.270 

0.220 

0.430 

1.05 

0.690 

0.800 

0.850 

0.920 

2.10 

1.51 

1.31 

1.91 

1.63 

5.25 

4.34 

4.32 

4.52 

5.04 

10.5 

9.55 

9.18 

9.12 

10.3 

'  • 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

3.530 

0.302 

0.0900 

29.7 

-42.9245 

l.Qb 

0.815 

0.0968 

11.9 

-22.3810 

2. 1C 

1.59 

0.250 

15.7 

-24.2262 

5.25 

4.55 

0.336 

7.37 

-13.2381 

IQ. 5 


9.54 


0.552 


5.79 


9.1191 
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CORR.  COEFF.-  0.9993  FOUHO  -  -0.09964  0.887256*TARGET 

DETECTION  UNIT  •  0.529 
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TARGET 

CORK.  COEFF.-  8.9967  FOUNO  -  >8.17874  0. 9 17683* TARGET 

DETECTION  LIMIT  -  1.88175 
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TDGCL  IN  WATER  SAMPLES 


1.  APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of  environmental 
water  samples  for  TDGCL. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  water  is  40  to 
800  ug/L. 

B.  SENSITIVITY 

The  normalized  response  (peak  height  in  mm  times  attenuation)  at 
the  detection  limit  designated  in  Section  1(C)  is  4,736  mm  for 
2,975  ng  of  TDGCL. 

C.  DETECTION  LIMIT 

The  detection  limit  in  natural  water,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  119  ug/L. 

D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  highly  water- 
soluble  compounds  which  absorb  light  at  215  nm.  Because  of  the 
polarity  of  glycols,  it  is  not  possible  to  concentrate  them 
quantitatively  by  solvent  extraction;  therefore,  their 
determination  must  be  carried  out  in  the  aqueous  phase.  TDGCL 
is  concentrated  by  boiling  off  the  water  taking  advantage  of 
its  high  boiling  point  (165*0.  A  cleanup  of  the  sample  is 
acheived  by  colimn  chromatography  on  Amberlite*  XAD-7  resin 
which  removes  some  of  the  UV-absorbing  interferents  occur ing  in 
natural  surface  waters.  These  interferents  have  not  been 
observed  in  ground  waters  examined  and  seem  to  be  generated  by 
hydrolysis  of  high  smlecular  weight  substances  (possibly  humic 
and  fulvic  acids)  occurring  in  surface  waters. 
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E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
6  extracts  in  an  8-hour  day.  One  analyst  can  perform 
6  extractions  and  boildovns  in  an  8-hour  day. 


2. 


CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

CAS  Registry 

Alternate  Nomenclature  Number 

2, 2'-Thiodiethanol  111-48-8 

Bis  (b-hydroxyethyl) 

Sulfide 


Analyte 

TDGCL 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES 

Melting  Boiling  Density 

Analyte  Formula  Point  (*C)  Point  (*C)  (g/ml) 

TDGCL  C4H10028  -10  165  1.1819 

C.  CHEMICAL  REACTIONS 

None  found. 

3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  gradient  liquid  chromatograph  (HPLC)  equipped 
with  a  Perkin-Elmer  LC-75  variable-wavelength ,  UV-visible 
detector  and  interfaced  to  a  Spectra  Physics  Model  4100 
computing  integrator. 


B.  HPLC  PARAMETERS 

1.  Detector:  Perkin-Elmer  LC-75  variable-wavelength  detector 
<  X  -  215  nm) 

2.  Column:  Ultrasphere  ODS  (4.6-am  ID  x  25  cm) 

Particle  Size:  5  urn 
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3.  Flow  Rate  and  Mobile  Phase:  1  ml/min  of  phosphate  buffer 
solution,  pH  *  3.0 

4.  Temperature:  22 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  11.8  minutes 

C.  HARDWARE/GLASSWARE 

1.  1 , 000 -ml  separatory  funnel  (Teflon*  or  glass)  (6); 

2.  600-ml  beaker  (6); 

3.  10-cm  diameter  watch  glass  (6); 

4.  50-ml  beaker  (6);  and 

5.  10-ml  graduated  centrifuge  tubes  (6). 

D.  CHEMICALS  AND  REAGENTS 

1.  Nanograde  methylene  chloride — J.T.  Baker  Company; 

2.  HPLC-grade  acetonitrile— J.T.  Baker  Company; 

3.  HPLC-grade  water— J.T.  Baker  Company; 

4.  6N  sodium  hydroxide; 

5.  6N  sulfuric  acid;  and 

6.  Phosphate  buffer — 5  g  of  NH4H2PO4  and  1  ml  of  85X  H3PO4 
in  HPLC-grade  water  (pH  ■  3.0). 

STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  Prepare  a  stock  calibration  standard  (10  mg/ml)  by  weighing 
out  100  mg  of  TDGCL  into  a  single  10-ml  volusMtric  flask  and 
diluting  to  volume  with  HPLC-grade  water.  Wrap  the  flask  in 
foil  and  store  at  4*C. 

2.  Prepare  a  dilute  stock  calibration  standard  by  pipetting 
1  ml  of  the  stock  calibration  standard  into  a  50-ml 
volumetric  flask  and  diluting  to  volume  with  HPLC-grade 


water . 


f 
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3.  Prepara  Cha  working  calibration  standards  by  making 

dilutions  of  the  dilute  stock  calibration  standard  using  the 


appropriate 

volumetric  flasks 

and  HPLC-grade 

water  as 

follows : 

Working 

Calibration 

Standard 

Concentration 

(ug/ml) 

Volume  of 
Dilute  Stock 
Taken  (ml) 

Final 

Volume  (ml) 

B 

4.0 

1 

50 

C 

8.0 

2 

50 

D 

16 

4 

50 

E 

40 

10 

50 

F 

80 

20 

50 

B.  CONTROL  SPIKES 

1.  Prepare  the  stock  control  spike  standard  by  weighing  100  mg 
of  TDGCL,  transferring  to  a  10-ml  volumetric  flask,  and 
diluting  to  volume  with  HPLC-grade  water. 

2.  Prepare  the  working  control  spike  standard  by  pipetting  2  ml 
of  the  stock  control  spike  standard  into  a  100-ml  volumetric 
flask  and  diluting  to  volume  with  HPLC-grade  water. 

3.  Pipet  known  amounts  of  the  working  control  spike  standard 
into  standard  water.  The  quantity  spiked  should  be  selected 
to  provide  a  concentration  range  of  0.5  to  10  times  the 
detection  limit. 

4.  Determine  the  accuracy  and  detection  limit  by  pipetting  the 
following  amounts  of  the  working  control  spike  standard  into 
500  ml  of  standard  water  and  analyzing  according  to  the 
procedure  outlined  in  Section  5: 

Volume  of  Working  Concentration 


Control  Spike  of  TDGCL 

Standard  Spiked  (ml)  (ug/L) 

0  0 

0.100  40 

0.200  80 

0.400  160 

1.00  400 

2.00  800 
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PROCEDURE 

A.  BOILDOWN  AMD  COLUMN  CLEANUP 

1.  It  is  important  that  the  following  procedures  be  performed 
in  one  8-hour  day. 

2.  Measure  500  al  of  the  water  sample  into  a  1-L  beaker. 

3.  Add  a  boiling  chip  (Teflon*)  and  concentrate  the  sample  by 
boiling  the  water  on  a  hot  plate  to  a  volume  of  50  ml.  The 
boildown  time  should  be  as  rapid  as  possible  and  should  not 
exceed  2.5  hours. 

4.  Adjust  the  pH  of  the  sample  to  3  and  transfer  the  sample  to 
a  column  (20  cm  x  1  cm)  packed  with  Amberlite*  XAD-7  resin. 
The  resin  is  prepared  by  shaking  50  g  of  resin  with  100  ml 
of  methanol  for  15  minutes  on  a  wrist-action  shaker.  The 
methanol  is  decanted,  and  the  operation  is  repeated  sequen¬ 
tially  with  three  100-ml  portions  of  methanol  followed  by 
four  100-ml  portions  of  HPLC-grade  water.  The  column  is 
slurry  packed  in  water.  The  column  flow  rate  is  controlled 
at  a  rate  of  1  ml /min,  and  the  eluate  is  collected  in  a 
250— ml  beaker.  The  column  is  rinsed  with  50  ml  of  HPLC- 
grade  water  into  the  same  beaker  to  give  a  total  volume  of 
approximately  100  ml. 

5.  The  volume  of  the  solution  is  further  reduced  by  boiling  to 
less  than  25  ml,  and  then  quantitatively  transferred  with 
rinsing  into  a  50-ml  beaker. 

6.  The  voluae  of  the  solution  is  then  reduced  to  less  than  5  ml 
by  boiling  on  a  hot  plate. 

7.  Transfer  the  solution  into  a  10-ml  graduated  centrifuge 
tube,  rinsing  quantitatively  with  HPLC-grade  water.  Dilute 
to  the  5  ml  mark  with  HH,C-grade  water. 

8.  Filter  the  sample  through  a  0.45-um  filter  and  transfer  to  a 
5-ml  amber,  septum-sealed  vial  for  storage  at  4*C. 

9.  The  solution  is  now  ready  for  chromatography  by  HPLC. 
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B.  CALIBRATION 

1.  Inject  the  Working  Calibration  Standards  B,  C,  D,  E,  and  F 
and  a  blank  singly  at  the  beginning  of  the  analytical  run. 
Inject  the  Working  Calibration  Standard  D  at  the  conclusion 
of  the  analytical  run  to  verify  constant  instrument 
response . 

2.  Plot  the  normalized  peak  heights  versus  nanograms  injected 
of  each  standard  to  obtain  a  working  curve. 

C.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HFLC  column. 

2.  Perform  the  analysis  of  the  sample  according  to  the 
conditions  given  in  Section  3(B). 

3.  Measure  the  response  of  the  sample  for  the  component  of 
interest. 

6.  CALCULATIONS 

Determine  the  concentration  of  TDGCL  according  to  the  following 

formula: 

Concentration  (ug/g)  ■  vA^vt^ 

TViKv9) 

where:  A  ■  Nanograms  of  TDGCL  found  in  the  sample  by  comparison 
with  the  appropriate  standard  curve, 

Vt  ■  Final  volume  of  solution  (ml), 

V8  *  Volume  of  initial  sample  extracted  (ml),  and 
■  Volume  injected  (ml). 

7.  REFERENCES 

None  found. 

8.  DATA 

See  attached  data  sheets. 
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THIOD I  GLYCOL*  NATURAL  WATER  <UG/L> 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

C.OCOQ 

29.4 

0.0000 

26.5 

C.0000 

40.0 

52.3 

33.9 

65.4 

40.0 

80.0 

56.9 

55.6 

69.8 

61.4 

160 

112 

118 

129 

95.7 

400 

309 

286 

296 

236 

800 

585 

520 

517 

492 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISIGN 

PERCENT 

INACCURACY 

0 . 0  0  0  0 

14.0 

16.2 

116 

0.0000 

40.0 

47.9 

14.0 

29.1 

19.7 

8  0.0 

60.9 

6.42 

10.5 

-23.6438 

16  C 

114 

13.9 

12.2 

-28.9531 

4  0  0 

2^2 

31.9 

11.3 

-29.5625 

ecc 

529 

39.7 

7.51 

-33.9375 
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TDGCL  IN  NATURAL  SOIL  SAMPLES 


APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of 
environmental  soil  and  sediment  samples  for  TDGCL. 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  soil  is  1  to  20  ug/g. 

B.  SENSITIVITY 

The  normalized  response  (peak  height  in  mm  x  attenuation)  at  the 
natural  soil  detection  limit  is  1,056  ran  for  1.02  ug.  of  TDGCL. 

C .  DETECTION  LIMIT 

The  detection  limit  in  natural  soil,  calculated  according  to 
Hubaux  and  Vos  (1970),  is  2.2  ug/g. 

D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  highly  water- 
soluble  compounds  which  absorb  light  at  215  nm.  Because  of  the 
polarity  of  the  glycols,  it  is  not  possible  to  extract  them  from 
soil  quantitatively  by  organic  solvent  extraction;  therefore, 
their  determination  is  performed  by  extraction  of  the  soil  with 
water.  TDGCL  is  concentrated  by  evaporation  of  the  water  by 
boiling,  taking  advantage  of  its  high  boiling  point  of  165 *C. 

A  cleanup  of  the  sample  is  achieved  by  column  chromatography  of 
the  acidified  aqueous  extract  on  Amberlite*  XAD-7  resin. 

Partial  sample  cleanup  is  also  achieved  by  using  an  acidic 
aqueous  extraction;  only  highly  water-soluble  substances  will  be 
extracted.  After  column  chromatography,  the  water  is 
neutralized  and  boildown  proceeds. 
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E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze  8  extracts 
in  an  8-hour  day.  One  analyst  can  perform  8  extractions  and 
boildowns  in  an  8-hour  day. 


2.  CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBER 

Alternate  CAS  Registry 

Analyte  Nomenclature  Number 

TDGCL  2, 2 '-Thiodiethanol  111-48-8 

Bis  (B-hydroxyethyl) 

Sulfide 


PHYSICAL 

AND  CHEMICAL 

PROPERTIES 

Melting 

Boiling 

Density 

Analyte 

Formula 

Point  (*C) 

Point  (*C) 

(g/ml) 

TDGCL 

C4H10O2S 

-10 

165 

1.1819 

CHEMICAL 

REACTIONS 

None. 

3.  APPARATUS 

A.  INSTRUMENTATION 

Altex  Model  322  gradient  liquid  chromatograph  (HH.C)  equipped 
with  a  Perkin-Elmer  LC-75  variable-wavelength  UV-viaible 
detector  and  interfaced  to  a  Spectra  Physics  Model  4100 
computing  integrator. 

B.  HPLC  PARAMETERS 

1.  Detector:  Perkin-Elmer  LC-75  variable-wavelength  detector 
(  X  ■  215  nm) 
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2.  Column:  Ultrasphere  ODS  (4.6-mn  ID  x  25  cm) 

Particle  Size:  5  um 

3.  Flow  Rate  and  Mobile  Phase:  1  ml/min  phosphate  buffer 
solution 

4.  Temperature:  22 *C 

5.  Injection  Volume:  250  ul,  fixed  loop 

6.  Retention  Time:  12.5  minutes 

C .  HARDWARE /GLASSWARE 

1.  250-ml  Erl erase ye r  flasks  with  screw  caps  (8); 

2.  600-ml  beaker 8  (8); 

3.  10-cm-diameter  watch  glasses  (8); 

4.  50-ml  beakers  (8); 

5.  10-ml  graduated  centrifuge  tubes  (8); 

6.  Burrell  Model  75  wrist-action  shaker  (1);  and 

7.  Glass  chromatography  columns  (20  cm  x  1-cm  ID)  (8). 

D.  CHEMICALS  AMD  REAGENTS 

1.  HPLC-grade  water — J.T.  Baker  Company; 

2.  6N  sodium  hydroxide; 

3.  6N  sulfuric  acid;  and 

4.  Phosphate  buffer— 5.75  g  of  NH4H2PO4  and  1  ml  of  85X 
H3PO4  in  1  L  of  HPLC-grade  water  (pH  *  3.0). 

STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  Prepare  a  stock  calibration  standard  (10.13  mg/ml)  by 
weighing  out  101.3  mg  of  TDGCL  into  a  single  10-ml 
volumetric  flask  and  diluting  to  volume  with  HPLC-grade 
water.  Wrap  the  flask  in  foil  and  store  at  4*C. 

2.  Prepare  a  dilute  stock  calibration  standard  by  pipetting 
1  ml  of  the  stock  calibration  standard  into  a  50-ml 
volumetric  flask  and  diluting  to  volume  with  HPLC-grade 
water. 
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3.  Prepare  Che  working  calibration  standards  by  making 

dilutions  of  the  dilute  stock  calibration  standard  using  the 
appropriate  volumetric  flasks  and  HPLC -grade  water  as 


follows : 

Working 

Calibration 

Standard 

Volume  of 
Dilute  Stock 
Used  (ml) 

Final 

Volume  (ml) 

Concentration 

(ug/inL) 

B 

0.5 

50 

2.03 

C 

1 

50 

4.05 

D 

2 

50 

8.10 

E 

5 

50 

20.3 

F 

10 

50 

40.5 

B.  CONTROL  SPIKES 

1.  Prepare  the  stock  control  spike  standard  (10.13  mg/ml)  by 
weighing  101.3  mg  of  TDGCL,  transferring  to  a  10-ml 
volumetric  flask,  and  diluting  to  volume  with  HPLC-grade 
water. 

2.  Prepare  the  working  control  spike  standard  by  pipetting 
1  ml  of  the  stock  control  spike  standard  into  a  50-ml 
volumetric  flask  and  diluting  to  volume  with  HPLC-grade 
water. 

3.  Pipet  known  amounts  of  the  working  control  spike  standard 
into  standard  soil.  The  quantity  spiked  should  be  selected 
to  provide  a  concentration  range  of  0.5  to  10  times  the 
detection  limit. 

4.  Determine  the  accuracy  and  detection  limit  by  pipetting  the 
following  amounts  of  the  working  control  spike  standard  into 
10  g  of  soil  and  analyzing  according  to  the  procedure 
outlined  in  Section  5: 
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Volume  of  Working 
Control  Spike 
Standard  Spiked  (ml) 

0 

0.05 
0.1 
0.2 
0.5 
1.0 

PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  The  soil  sample  should  be  air  dried  on  the  dull  side  of 

aluminum  foil  and  then  sieved  through  a  30-mesh  sieve. 

B.  EXTRACTION 

1.  It  is  important  that  the  following  procedures  be  performed 
in  one  8-hour  day. 

2.  Measure  10  g  of  sieved,  dried  soil  or  wet  sediment  into  a 
tared  250-ml  centrifuge  tube  with  screw  cap. 

3.  Add  50  ml  of  HPLC-grade  water  and  adjust  the  pH  to  3  using 
6N  H2S04. 

4.  Cap  the  tube,  shake  vigorously  by  hand  for  5  minutes,  and 
centrifuge  at  2,250  rpm  for  15  minutes. 

5.  The  supernatant  liquor  is  decanted  and  collected  in  a  250-ml 
beaker . 

6.  Step  5  is  repeated  twice.  After  collecting  all  supernatant 
water,  the  pH  is  adjusted  to  3  using  6N  H2S04. 

7.  Quantitatively  transfer  contents  of  the  250-ml  beaker  to  a 
glass  column  (20  cm  x  l -cm  ID)  packed  with  Amberlite*  XAD-7 
resin.  (The  resin  is  previously  prepared  by  shaking 

50  g  of  the  resin  with  1 00  ml  of  methanol  for  15  minutes  on 
a  wrist-action  shaker.  The  methanol  is  decanted,  and  the 
operation  is  repeated  sequentially  with  three  100 -ml 
portions  of  methanol  followed  by  four  100-ml  portions  of 


Concentration 
of  TDGCL 
_ (ug/g) 

0 

1.0 

2.0 

4.0 

10 

20 
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HPLC-grade  water.  The  column  is  slurry-packed  in  water. 

The  resin  must  be  cleaned  after  each  sample  and  may  be 
reused  a  total  of  three  times.)  Pass  the  sample  through  the 
column  at  maximum  flow  (approximately  4  ml /min),  and  collect 
in  a  300-ml  beaker.  The  column  is  rinsed  and  eluted  to 
dryness  with  50  ml  of  HPLC-grade  water  into  the  same  beaker 
to  give  a  total  volume  of  approximately  250  ml. 

8.  Add  a  Teflon*  boiling  chip,  reduce  the  volume  of  the  water 
to  less  than  25  ml  by  boiling  on  a  hot  plate,  and 
quantitatively  transfer  the  solution  into  a  50-ml  beaker. 

9.  Reduce  the  volume  of  the  solution  to  less  than  5  ml  by 
boiling  on  a  hot  plate. 

10.  Transfer  the  solution  into  a  10-ml  graduated  centrifuge 
tube,  rinsing  quantitatively  with  HPLC-grade  water,  and 
dilute  to  the  5 -ml  mark  with  the  same  water. 

11.  Filter  the  sample  through  a  0.45-um  filter,  and  transfer  to 
a  5-ml,  amber,  septum-sealed  vial  for  storage  at  4*C. 

12.  The  solution  is  now  ready  for  HPLC  analysis. 

C .  CALIBRATION 

1.  Inject  Working  Calibration  Standards  B,  C,  D,  E,  and  F  and  a 
blank  singly  at  the  beginning  of  the  analytical  run.  Inject 
Working  Calibration  Standard  D  at  the  conclusion  of  the 
analytical  run  to  verify  constant  instrument  response. 

2.  Plot  the  normalized  integrator  response  versus  ng/ul  of  each 
standard  to  obtain  a  working  curve. 

D.  ANALYSIS 

1.  Inject  250  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  according  to  the 
conditions  given  in  Section  3(B). 

3.  Measure  the  response  of  the  sample  for  the  TDGCL  peak. 
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6.  CALCULATIONS 

Determine  the  concentration  of  TDGCL  according  to  the  following 
formula: 

Concentration  (ug/g)  ■  (A)(Vt) 

<!vi)(Vs) 

where:  A  *  Weight  of  TDGCL  found  in  the  sample  by  comparison  with 
the  appropriate  standard  curve  (ng), 

Vt  -  Final  volume  of  solution  (ml), 

V,  -  Weight  of  initial  sample  extracted  (g),  and 
*  Volume  injected  (ul). 

7.  REFERENCES 
None  found . 

8.  DATA 

See  attached  data  sheets. 
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HPLC  SCREEN  OF  WATER  SAMPLES 
FOR  NITROSUBSTITUTED  MUNITION  COMPOUNDS  AND  PAHs 

APPLICATION 

This  method  is  applicable  to  the  quantitative  analysis  of 
environmental  water  samples  for  nitrosubstituted  munition  organics 
and  PAHs  by  HPLC.  Detector  ratios  are  employed  to  provide  data  for 
the  qualitative  identification  of  the  analytes.  Quantitative 
documentation  was  performed  on  the  analytes  listed  in  Table  1  using 
the  detectors  and  wavelengths  indicated.  Documentation  was 
performed  for  samples  with  and  without  silica-gel  chromatography 
cleanup . 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  range  in  natural  and  standard  water  for 
each  analyte  is  listed  in  Table  2. 

B.  SENSITIVITY 

The  normalized  responses  (integrator  peak  height  counts)  at  the 
standard  water  detection  limits  (without  silica-gel  cleanup) 
designated  in  Section  1(c)  are  listed  in  Table  3. 

The  normalized  responses  (integrator  peak  height  counts)  at  the 
natural  water  detection  limits  (without  silica-gel  cleanup) 
designated  in  Section  1(c)  are  listed  in  Table  4. 

C.  DETECTION  LIMIT 

The  detection  limits  (DL)  in  standard  and  natural  water, 
calculated  according  to  Hubaux  and  Vos  (1970),  are  listed 
in  Table  5. 

The  detection  limits  for  standard  water  samples  cleaned  by 
silica-gel  chromatography  are  listed  to  indicate  the  quality 
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Table  1.  Analytes  and  Quantitative  Detection  Methods 


Analyte 

Quantitat ive 
Detection  Method 

HMX 

UV 

(230 

nm) 

RDX 

uv 

(230 

run) 

135TNB 

UV 

(230 

nm) 

13DMB 

uv 

(254 

nm) 

35DNP 

uv 

(254 

nm) 

246TNT 

uv 

(254 

nm) 

26DNT 

uv 

(230 

nm) 

24DNT 

uv 

(254 

nm) 

Naphthalene 

uv 

(280 

nm) 

Acenaphthylene 

uv 

(280 

nm) 

Acenaphthene 

uv 

(280 

nm) 

Phenanthrene 

uv 

(280 

nm) 

Anthracene 

uv 

(254 

nm) 

Fluoranthene 

uv 

(280 

nm) 

Pyrene 

uv 

(280 

nm) 

Chrysene 

uv 

(280 

nm) 

Benzo(b) fluoranthene 

Fluorescence 

( A  ex 

290  nm. 

A  em  >  350 

nm) 

Benzo(k) fluoranthene 

Fluorescence 

(A  ex 

290  nm, 

Aem  ' 

>  350 

■nm) 

Benzo(a)pyrene 

uv 

(254 

nm) 

Indeno(l , 2, 3-cd)pyrene 

UV 

(280 

nm) 

Source:  ESE,  1982. 


2 


AMD.  5/VTB.  2 
7/22/82 

Table  2.  Tested  Concentration  Ranges  in  Natural  and  Standard  Water 


Analyte 

Concentration 

Range  (ug/L) 

HMX 

2.0 

to 

40 

RDX 

2.0 

to 

48 

135TNB 

1.9 

to 

38 

13DNB 

2.2 

to 

44 

35DNP 

3.6 

to 

73 

246TNT 

2.0 

to 

40 

26DNT 

2.3 

to 

46 

24DNT 

2.0 

to 

40 

Naphthalene 

4.1 

to 

82 

Acenaphthylene 

6.6 

to 

131 

Acenaphthene 

1.5 

to 

48 

Phenanthrene 

1.5 

to 

30 

Anthracene 

1.2 

to 

24 

Fluoranthene 

0.4 

to 

8.0 

Pyrene 

1.9 

to 

38 

Chrysene 

0.10  to  2.0 

Benzo(b) fluoranthene 

0.10  to  2.1 

Benzo(k) fluoranthene 

0.21  to  4.1 

Benzo(a)pyrene 

0.22  to  4.5 

Indenod,  2,  3-cd)pyrene 

0.28  to  5.8 

Source:  ESE,  1982. 
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Table  3.  Sensitivity  at  Standard  Water  Detection  Limits 
Without  Cleanup 


Analyte 

Integrator 

Peak  Height 
Counts 

Nanograms 

HMX 

2,354 

74 

RDX 

466 

30 

135TNB 

985 

30 

13DNB 

507 

31 

35DNP 

605 

56 

246TNT 

226 

29 

26DNT 

392 

46 

24DNT 

299 

29 

Naphthalene 

1,406 

137 

Acenaphthylene 

514 

109 

Acenaphthene 

272 

49 

Phenanthrene 

593 

26 

Anthracene 

1,786 

11 

Fluoranthene 

185 

4.3 

Pyrene 

241 

38 

Chrysene 

78 

2.0 

Benzo(b) fluoranthene 

633 

8.3 

Benzo(k) fluoranthene 

520 

5.8 

Benzo(a)pyrene 

323 

4.2 

Indeno(l, 2, 3-cd)pyrene 

164 

9.1 

Source:  ESE,  1982. 
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Table  4.  Sensitivity  at  Natural  Water  Detection  Limits  Without 
Cleanup 


Analyte 

Integrator 

Peak  Height 
Counts 

Nanograms 

HMX 

1,550 

48 

RDX 

464 

30 

135TNB 

357 

32 

13DNB 

871 

53 

35DNP 

1,869 

173 

246TNT 

265 

34 

26DNT 

307 

36 

24DNT 

419 

40 

Naphthalene 

1,047 

103 

Acenaphthylene 

661 

140 

Acenaphthene 

279 

51 

Phenanthrene 

526 

24 

Anthracene 

3,959 

23 

Fluoranthene 

305 

8 

Pyrene 

218 

33 

Chrysene 

60.2 

1.6 

Benzo(b) fluoranthene 

200 

2.8 

Benzo(k) fluoranthene 

619 

7.0 

Benzo(a)pyrene 

722 

9.8 

Indeno(l , 2, 3-cd)pyrene 

222 

12 

Source:  ESE,  1982. 
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Table  5.  Detection  Limits  in  Standard  and  Natural  Water* 


Analyte 

Standard 
Water  (ug/L) 

Standard  Water 
(After  Silica-Gel 
Cleanup)  (ug/L) 

Natural 
Water  (ug/L) 

HMX 

15 

11 

10 

RDX 

6 

8 

6 

135TNB 

6 

6 

6 

13DNB 

6 

8 

11 

35DNP 

11 

28 

34 

246TNT 

6 

11 

7 

26DNT 

9 

12 

7 

24DNT 

6 

7 

7 

Naphthalene 

27 

33 

21 

Acenaphthylene 

22 

35 

28 

Acenaphthene 

10 

12 

10 

Phenanthrene 

5 

5 

5 

Anthracene 

2 

5 

5 

Fluoranthene 

0.9 

1 

2 

Pyrene 

8 

6 

7 

Chrysene 

0.4 

0.5 

0.3 

Benzo(b) fluoranthene 

2 

0.3 

0.6 

Benzo(k) fluoranthene 

1 

0.8 

1 

Benzo(a)pyrene 

0.8 

0.9 

2 

Indeno(l , 2, 3-cd) pyrene 

2 

2 

2 

*  Calculated  according  to  Hubaux  and  Vos,  1970. 
Source:  ESE,  1982. 
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of  Che  cleanup  technique  for  each  analyte.  The  detection  limits 
listed  for  standard  water  without  silica-gel  cleanup  are  the 
actual  detectability  criteria  to  be  used  for  the  analytes.  The 
silica-gel  cleaned  extracts  are  analyzed  only  when  a  suspected 
target  analyte  is  detected  in  the  noncleaned  extracts  and  when 
large  unresolved  background  interferences  prevent  adequate 
quantitation. 

D.  INTERFERENCES 

This  method  may  be  subject  to  interferences  from  organic 
compounds  which  are  extractable  from  acidic  water  with  methylene 
chloride.  The  qualitative  analysis  via  detector  ratios  should 
be  sufficient  to  prevent  misidentif ication  of  unknown  peaks. 

The  silica-gel  cleanup 'step  provides  a  mechanism  for  eliminating 
possible  interferences  from  highly  polar  compounds  such  as  fatty 
acids  and  carboxylic  acids  which  may  be  present  in  the  extract. 
An  unidentified  fluorescence  peak  occurred  at  25.7  minutes 
during  the  standard  water  docisnentation.  This  peak  did  not 
appear  in  either  the  standard  or  natural  water  documentation  and 
did  not  display  a  measurable  absorbance  at  254  or  230  nm. 
Therefore,  the  compound  should  not  interfere  in  the  method. 

Several  compounds  were  not  fully  documented  because  of 
co-elution  with  another  analyte  under  the  screen  conditions, 
chemical  instability,  or  experimental  interferences.  However, 
the  retention  times  and  detector  ratios  for  most  of  these 
compounds  were  determined  and  are  listed  in  Table  6. 

E .  ANALYSIS  RATE 

After  instrument  calibration,  which  requires  approximately 
6  hours,  one  analyst  can  analyze  four  extracts  in  an  8-hour  day. 
One  analyst  can  perform  approximately  eight  extractions  in  an 
8-hour  day. 
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Table  6.  Retention  Times  and  Detector  Ratios  for  Compounds  which  were 
not  Adequately  Resolved  and/or  Documented 


Analyte 

Retention 

Problem  Time  (minutes) 

Detector  Ratio 
(Wavelength/ 
Wavelength)  (nm) 

Tetryl 

Co-elutes  with 
nitrobenzene 
under  certain 
column  conditions 

(24.4)* 

29.5 

3.14  (230/280) 

NB 

Co~elutes  with 
tetryl  under 
certain  column 
conditions 

24.8 

0.701  (230/280) 

ATNBA 

Unstable 

14.3 

2.8  (230/280) 

12DNT 

Internal  standard 
not  documented 

52.5 

0.8518  (230/280) 

*  The  peak  for  tetryl  undergoes  significant  shifts  in  retention  time 
depending  on  the  condition  of  the  ODS  column  used  in  the  system. 

Under  the  preliminary  column  conditions  for  documentation,  tetryl 
interfered  with  nitrobenzene  (RT  ■  24.4  min).  After  a  new  ODS  column 
was  installed,  the  RT  for  tetryl  had  shifted  (RT  •  29.5  min). 

Source:  SSE,  1982. 
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CHEMISTRY 

A.  ALTERNATE  NOMENCLATURE  AND  CHEMICAL  ABSTRACT  SERVICE  (CAS) 
REGISTRY  NUMBERS 

The  alternate  nomenclature  and  CAS  registry  numbers  for  the 
analytes  of  interest  are  listed  in  Table  7. 

B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTES 

The  physical  and  chemical  properties  for  the  analytes  of 
interest  are  listed  in  Table  8. 

C.  CHEMICAL  REACTIONS 

Caution  should  be  used  in  handling  all  of  these  compounds, 
especially  the  standard  materials.  All  of  the  nitrosubstituted 
compounds  are  either  explosives  or  breakdown  products  of 
explosives.  The  PAHs  are  known  carcinogens,  teratogens,  and 
mutagens. 

APPARATUS 

A.  INSTRUMENTATION 

The  HPLC  instrumentation  (see  Figure  1)  is  a  gradient  elution 
system  with  two  columns  connected  in  series  with  a 
variable-wavelength,  UV-visible  absorbance  detector;  a  254-nm 
absorbance  detector;  and  a  fluorescence  detector. 

An  Altex  Model  322  dual-pump  liquid  chromatograph  was  used  as 
the  gradient  pumping  system.  After  mixing,  the  elution  solvent 
was  passed  through  a  guard  colusrn  (S  cm  by  4.6  mm)  packed  with 
silica  gel  (Fisher,  60  to  200  mesh)  to  presaturate  the  mobile 
phase  with  silica  and  therefore  extend  column  life.  The  mobile 
phase  was  then  passed  through  a  0.25-um  filter  to  remove 
entrained  particulates. 

An  Altex  Model  300  autosampler  was  used  as  the  injection  system, 
and  a  guard  column  (3  cm  by  4.6  m)  packed  with  Pelliguard  LC-CN 
pellicular  packing  (40  um)  was  present  in  the  system.  Both  the 
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Table  7.  Alternate  Nomenclature  and  CAS  Registry  Numbers 


CAS  Registry 


Analyte 

Alternate  Nomenclature 

Number 

HMX 

Cyclotetramethylenetetranitramine 
Octahydro-1, 3, 5, 7-tetrazocine 

1, 3, 5, 7-Tetranitro-l, 3, 5, 7- 
tetrazacyclooctane 

Octogen 

2691-41-0 

RDX 

Cyc lo tr imethyl ene  tr ini tr amine 
Hexogen,  T-4,  Cyc Ionite,  Hexahydro- 
1 , 3, 4-tr initro-s-tr iazine 

121-84-4 

135TNB 

sym-Trinitrobenzene  benzite 

25377-32-6 

13DNB 

m-Dinitrobenzene 

99-65-01 

35DNP 

586-11-8 

246TNT 

sym-Tr initrotol uene 

118-96-7 

1 -methyl-2, 4, 6-trinitrobenzene 
trotyl;  Tolit,  Trilit 


26DNT 

606-20-2 

24DNT 

121-14-2 

Naphthalene 

91-20-3 

Acenaphthylene 

208-96-8 

Acenaphthene 

Naphthyleneethylene 

82-32-9 

Phenanthrene 

85-01-8 

Anthracene 

p-Naphthalene 

120-12-7 

Fluoranthene 

1, 2-Benzacenaphthene  Idryl 

86-73-7 

Pyrene 

Benzo ( d , e , f )phenanthr ene 

129-00-0 

Chrysene 

1 , 2-Benzophenanthrene 

Benzo (a) phenanthrene 

218-01-9 
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Table  7.  Alternate  Nomenclature  and  CAS  Regiatry  Numbers 
(Continued,  Page  2  of  2) 


Analyte 

Alternate  Nomenclature 

CAS  Registry 
Number  ' 

Benzo(b ) fluoranthene 

3 , 4-Benzo fluoranthene 

Benz ( e ) acephenanthry lene 

205-99-2 

BenzoOc ) fluoranthene 

11 , 12-Benzofluoranthene 

207-08-9 

Benzo( a) pyrene 

3 , 4-Benzopyrene 

50-32-8 

Dibenzo( a ,h) anthracene 

1,2:5, 6-Dibenzanthracene 

53-70-3 

IndenoC 1,2, 3-cd) pyrene 

Indeno(l ,2, 3)pyrene 

2 , 3-o-Phenylenepyrene 

193-39-5 

Source:  ESE,  1982. 
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Table  8.  Physical  and  Chemical  Properties 


Analyte 

Formula 

Melting 

Point 

(*C) 

Boiling 

Point 

Cc) 

Density 
(g/ml  @ 
20*0 

HMX 

C4HgN80g 

276 

— 

1.77-1.96* 

RDX 

c3h6n6o6 

204.1 

— 

1.816 

135TNB 

c6h3n2°4 

122 

t 

1.69 

13DNB 

^6®4n2®4 

90 

302 

1.57 

35DNP 

C6H4N2O2 

126 

— 

1.702 

246TNT 

c7h5n3o6 

80 

280 1 

1.65 

26DNT 

C7H5N2O4 

66 

— 

1.28 

24DNT 

C7H5N2O4 

71 

300 1 

1.442 

Naphthalene 

C10H8 

80.22 

210.8  9 
720  torr 

1.145 

Acenaphthylene 

Cl2Hg 

92 

265-275t 

0.8988 

Acenaphthene 

Ci2Hio 

96 

278 

1.225 

Phenanthrene 

C14H10 

101 

340 

1.182 

Anthracene 

c14h10 

216.2 

345 

1.25 

Fluoranthene 

c16h10 

111 

375 

1.252 

Pyrene 

c16h10 

149 

404 

1.271 

Chrysene 

c18Hio 

254 

448 

1.274 

Benzo(b) fluoranthene 

C20Hi2 

167 

— 

— 

Benso(k) fluoranthene 

c20h12 

217 

— 

— 

Benzo(a)pyrene 

c20h12 

179 

312  9 

10  torr 

Dibenzo ( a ,h ) anthracene 

C22H14 

269 

— 

— 

Indeno(lt  2, 3-cd)pyrene 

c22h12 

162.5 

— 

*  There  are  four  polymorphic  structures  of  MX  with  this  range  of 
densities, 
t  Decomposes. 

Source:  ESS,  1982. 
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injector  and  the  guard  column  are  maintained  at  room 
temperature.  The  silica  precolumn  and  filter  are  maintained  at 
the  same  temperature  (52 *C)  as  the  analytical  columns,  which 
consist  of  an  Ultrasphere  CN  5-um  column  (25  cm  by  4. 6-mm  ID) 
connected  in  series  with  an  Ultrasphere  ODS  5-um  column  (25  cm 
by  4. 6-mm  ID).  The  column  temperature  is  maintained  at  52 *C  by 
use  of  a  circulating  water  bath  (Fisher  Scientific  Model  80)  and 
a  column  water  jacket  from  Altech  Associates.  Any  of  the 
commonly  available  column  thermostats  capable  of  handling  two 
columns  may  be  substituted.  The  Ultrasphere  CN  column  is  the 
first  column  in  the  series  after  the  injector  followed  by  the 
Ultrasphere  ODS  column. 

The  column  effluent  is  passed  through  three  detectors  in  series, 
each  connected  by  means  of  low-dead-volume  unions  and  a  minimum 
length  of  0.010-inch  stainless-steel  tubing.  The  order  of  the 
detectors  is  as  follows: 

1.  Perkin-Elmer  LC-75  variable-wavelength  spectrometer 
with  autocontrol. 

2.  Altex  Model  153  fixed-wavelength  detector  set  at 
254  nm. 

3.  Perkin-Elmer  Fluorescence  Spectrometer  Model  650-S. 

Each  detector  is  connected  to  a  Spectra  Physics  Model  4100 
integrator.  An  Altex  Model  420  microprocessor  is  used  to 
control  the  pumps  and  signal  the  variable-wavelength  detector. 
The  microprocessor  initially  signals  the  autosampler  to  load  the 
sample  loop.  The  autosampler  then  flushes  the  sample  loop  for 
60  seconds,  injects  the  sample  onto  the  analytical  column,  and 
signals  the  three  integrators  to  start.  After  10  minutes,  the 
microprocessor  sends  a  second  flag  to  the  autosampler  to  reset 
it  prior  to  the  next  injection.  At  60  minutes,  the  micro¬ 
processor  signals  the  Perkin-Elmer  LC-75  with  autocontrol  to 
switch  detection  wavelength  from  230  to  280  nm.  This  wavelength 
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is  reset  to  230  nm  at  135  minutes  by  another  signal  from  the 

microprocessor,  and  at  137  minutes,  a  second  signal  to  the  LC-75 

resets  the  detector  for  the  next  injection. 

B.  HPLC  INSTRUMENTAL  PARAMETERS 

1.  Detectors: 

a.  Perkin-Elmer  LC-75  variable-wavelength  spectrometer  with 
autocontrol  set  at  230  nm  for  first  60  minutes  of 
chromatogram  then  switched  to  280  nm. 

b.  Altex  Model  153  fixed-wavelength  detector  (254  nm). 

c.  Perkin-Elmer  650-S  fluorescence  spectrometer. 

Excitation  wavelength  is  290  nm  with  a  spectral  band 
pass  of  10  nm.  Emission  is  monitored  at  wavelengths 
longer  than  350  nm  by  use  of  a  cutoff  filter  and  by 
setting  the  emission  monochromator  in  the  zero-order 
mode. 

2.  Columns 

a.  Guard  column  (5.0  cm  by  4.6-nm)  packed  with  Pelliguard 
LC-CN  40-ua  pellicular  packing. 

b.  Ultrasphere  CN,  5-um  column  (25  cm  by  4. 6-rom  ID). 

c.  Ultrasphere  ODS,  5-um  column  (25  cm  by  4.6-nm  ID). 

3.  Flow  Rate:  1.0  ml/min. 

4.  Mobile  Phase:  Elution  gradient  (see  Figure  2): 

a.  302  methanol  (CH3OH)  in  phosphate-buffered  water 
(pH"3)  for  50  minutes. 

b.  Increase  percentage  of  CH3OH  to  65Z  over 
30  minutes. 

c.  At  80  minutes,  increase  the  percentage  of  CH3OH  to 
80Z  over  20  minutes. 

d.  At  100  minutes,  increase  the  percentage  of  CH3OH  to 
90Z  over  10  minutes,  and  hold  for  10  minutes. 

e .  Decrease  the  percentage  of  CH3OH  to  30Z  over 

5  minutes,  and  hold  for  15  minutes  for  reequilibration 
before  next  injection. 
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Prepared  for: 

Figure  2  U.S.  Army  Toxic  and  Hazardous 

ELUTION  PROGRAM  FOR  HPLC  SCREEN  Materials  Agency 

_  Aberdeen  Proving  Ground,  Marylend 
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5.  Temperature:  52  *C. 

6.  Injection  Volume:  50  ul,  fixed  loop. 

7.  Retention  Times  (see  Table  9). 

C.  HARDWARE /GLASSWARE 

1.  2-liter  separatory  funnel  (Teflon*  or  glass)  (8). 

2.  500-ttl  K-D  flask  (8). 

3.  20-ml  K-D  receiver  (8). 

4.  Sep-Pak*  silica-gel  disposable  cartridge  (8)  from  Waters 
Associates . 

5.  3-ball  Snyder  column  (8). 

6.  2-ball  micro-Snyder  column  (8). 

7.  10-ml  graduated  centrifuge  tubes  (8). 

8.  10-ml  syringe  with  Luer-lock  fittings  (1). 

9.  4-cm  glass  funnels  (8). 

10.  Disposable  glass  pipettes. 

D.  CHEMICALS 

1.  Nanograde  methylene  chloride — J.T.  Baker  Company. 

2.  Reagent-grade  sodium  chloride— J.T.  Baker  Company. 

3.  HPLC-grade  methyl  alcohol — J.T.  Baker  Company. 

4.  HPLC-grade  water— J.T.  Baker  Company. 

5.  Anhydrous  sodium  sulfate — J.T.  Baker  Company. 

6.  85-percent  H3PO4,  reagent-grade — J.T.  Baker  Company. 

7.  Teflon*  boiling  chips. 

8.  Colorphast*  pH  indicator  sticks— MCB  Manufacturing  Chemists, 


9.  6N  NaOH— 240  g  of  reagent-grade  NaOH  pellets  dissolved  in 
1  L  of  organic-free  water. 

10.  6N  HC1 — dilute-ccncentrated,  reagent-grade  HC1  in  1  L  with 
organic-free  water. 

11.  Sulfuric  acid,  reagent  grade — J.T.  Baker  Company. 

12.  Sodium  thiosulfate,  reagent  grade — J.T.  Baker  Company. 
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Table  9.  HPLC  Instrumental  Parameters:  Retention  Times 


Analyte 

Retention  Time  (Minutes) 

HMX 

9.2 

RDX 

13.0 

135TNB 

16.8 

13DNB 

20.8 

35DNP 

26.9 

246TNT 

29.3 

26DNT 

35.0 

24DNT 

36.1 

Naphthalene 

84.5 

Acenaphthylene 

89.1 

Acenaphthene 

95.7 

Phenanthrene 

97.5 

Anthracene 

98.8 

Fluoranthene 

102.2 

Pyrene 

103.4 

Chrysene 

108.2 

Benzo(b) fluoranthene 

112.9 

Benzo(k) fluoranthene 

113.3 

Benzo(a)pyrene 

114.0 

Dibenzo ( a ,h ) anthracene 

116.8 

Indeno(l, 2, 3-cd)pyrene 

117.9 

Source:  ESE,  1982. 
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STANDARDS 

A.  CALIBRATION  STANDARDS 

1.  Separate  stock  calibration  standards  are  prepared  for  each 
analyte  by  weighing  the  indicated  amounts  of  each  compound 
into  volumetric  flasks  and  diluting  to  the  mark  with 

HPLC -grade  acetonitrile  (see  Table  10). 

2.  Intermediate  stock  calibration  standards  are  prepared  for 
some  of  the  analytes  by  pipetting  the  indicated  volumes  of 
the  stock  calibration  standards  into  volumetric  flasks  and 
diluting  to  the  mark  with  HPLC -grade  acetonitrile. 


Volume 
of  Stock 

Concentration 

Calibration 

Final 

of  Intermediate 

Standard 

Volume 

Stock  Calibration 

Analyte 

Used  (ml) 

(ml) 

Standard  (ug/ml) 

Phenanthrene 

2 

10 

380 

Chrysene 

1 

10 

100 

Benzo (b ) fluoranthene 

0.5 

10 

52 

Benzo(k) fluoranthene 

1 

10 

103 

Benzo(a)pyrene 

1 

10 

112 

Dibenzo ( a ,h ) anthracene 

1 

10 

94 

Indeno(l , 2, 3-cd) pyrene 

1 

100 

36 

3.  The  most  concentrated  (lOx  level)  composite  working 

calibration  standard,  F,  is  prepared  from  the  separate  stock 
and  intermediate  stock  calibration  standards.  This 
high-level  standard  is  diluted  to  yield  all  of  the  lower 
concentration  standards.  The  high-level  standard  is 
prepared  by  pipetting  the  indicated  amounts  of  the 
individual  stock  calibration  standards  or  intermediate  stock 
calibration  standards  into  a  single  50-ml  volumetric  flask. 
Fifteen  milliliters  of  HPLC -grade  acetonitrile  are  then 
added  to  make  the  final  solution  approximately  30X  with 
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Table  10.  Preparation  of  Calibration  Standards 


Analyte 

Amount 

(mg) 

Final 

Volume 

(ml) 

Stock  Calibra¬ 
tion  Standard 
Concentration 
(ug/ml) 

HMX 

10 

10 

1.000 

RDX 

10 

10 

1,000 

135TNB 

9.5 

10 

950 

13DNB 

11 

10 

1,100 

35DNP 

18.15 

10 

1,815 

246TNT 

10 

10 

1,000 

26DNT 

11.4 

10 

1,140 

24DNT 

10 

10 

1,000 

Naphthalene 

20.61 

10 

2,061 

Acenaphthylene 

32.8 

10 

3,280 

Acenaphthene 

12.0 

10 

1,200 

Phenanthrene 

19.0 

10 

1,900 

Anthracene 

30.3 

100 

303 

Fluoranthene 

10 

10 

1,000 

Pyrene 

9.6 

10 

960 

Chrysene 

10 

10 

1,000 

Benzo(b) fluoranthene 

10.'' 

10 

1,040 

Benzo(k) fluoranthene 

10.3 

10 

1,030 

BenzoC a) pyrene 

11.2 

10 

1,120 

Dibenzo(a.h) anthracene 

9.4 

10 

940 

Indeno(l , 2, 3-cd)pyrene 

36 

10 

3,600 

Source:  ESE,  1982. 
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respect  to  acetonitrile.  The  solution  is  then  diluted  to 
the  mark  using  phosphate-buffered,  HPLC-grade  water  (pH  “  3) 
(see  Table  11). 

4.  The  lower-level  working  calibration  standards  are  prepared 
by  pipetting  the  indicated  volumes  of  the  F  standard  into 
volumetric  flasks  and  diluting  to  the  mark  with  30Z 


acetonitrile 

in  HH.C -grade  water 

buffered  with 

phosphate 

(pH  -  3). 

Standard 

Volume  of 

F  Standard 

Final 

Volume 

Nominal 

Level 

A 

0 

10 

Blank 

B 

0.5 

10 

0. 5x 

C 

1.0 

10 

lx 

D 

2.0 

10 

2x 

E 

5.0 

10 

5x 

B.  CONTROL  SPIKES 

1.  Intermediate  stock  spiking  solutions  are  prepared  for 
several  of  the  heavier  PAH  compounds  by  pipetting  the 
indicated  volumes  of  the  stock  calibration  standards  into 
volumetric  flasks  and  diluting  to  the  mark  with  HPLC-grade 
acetonitrile. 

Volume 
of  Stock 


Analyte 

Calibration 
Standard 
Used  (ml) 

Final 

Volume 

(ml) 

Concentration  of 
Intermediate 
Stock  (ug/ml) 

Phenanthrene 

2 

10 

380 

Chrysene 

1 

10 

100 

Ben so ( b ) f luor an th ene 

0.5 

10 

52 

Benso(k) fluoranthene 

1.0 

10 

103 

Benso(a)pyrene 

1.0 

10 

112 

Indeno(l , 2, 3-cd)pyrene 

1.0 

100 

36 

21 


AMD.  5/VTB.  11 
7/22/82 


Table  11.  Preparation  of  the  Most  Concentrated  Composite  Working 
Calibration  Standard,  P 


Analyte 

Volume  of 
Standard 
Diluted 
(ml) 

Standard 

Diluted 

Concentrat ion 
of  F  Standard 
(ug/ml) 

HMX 

0.5 

Stock 

10 

RDX 

0.5 

Stock 

10 

135TNB 

0.5 

Stock 

9.5 

13DNB 

0.5 

Stock 

11 

35DNP 

0.5 

Stock 

18.2 

246TNT 

0.5 

Stock 

10 

26DNT 

0.5 

Stock 

11.4 

24DNT 

0.5 

Stock 

10 

Naphthalene 

0.  s 

Stock 

20.6 

Acenaphthylene 

0.5 

Stock 

32.8 

Acenaphthene 

0.5 

Stock 

12 

Fhenanthrene 

1.0 

Intermediate 

Stock 

7.6 

Anthracene 

1.0 

Stock 

6.1 

Fluoranthene 

0.1 

Stock 

2.0 

Pyrene 

0.5 

Stock 

9.6 

Chrysene 

0.25 

Intermediate 

Stock 

0.5 

Benzo(b) fluoranthene 

0.5 

Intermediate 

Stock 

0.52 

Benzo(k) fluoranthene 

0.5 

Intermediate 

Stock 

1.03 

Benzo( a) pyrene 

0.5 

Intermediate 

Stock 

1.12 

DibenzoC a, h) anthracene 

2.0 

Intermediate 

Stock 

3.76 

Indeno(l, 2, 3-cd)pyrene 

2.0 

Intermediate 

Stock 

1.44 

Source:  ESE,  1982. 
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2.  The  working  control  spike  solutions  are  prepared  by  making  a 
composite  spike  solution  for  the  nitrosubstituted  compounds 
and  a  separate  solution  for  the  PAHs.  The  indicated  volumes 
(Table  12)  of  the  stock  calibration  standards  or 
intermediate  stock  spiking  solutions  are  pipetted  into  a 
25-ml  volumetric  flask  and  diluted  to  volume  with  HPLC-grade 
acetonitrile  to  make  the  working  control  spike  solutions. 

3.  The  following  amounts  of  both  the  nitrocomposite  and  PAH 
composite  working  control  spike  solutions  are  pipetted  into 

1  L  of  standard  or  natural  water.  The  concentrations  spiked 
are  shown  in  Section  8. 


Nominal  Level 
Blank 


Volume  Spiked  (ml) 


4.  The  precision,  accuracy,  and  detection  limits  are  determined 
for  each  analyte. 


5.  PROCEDURE 
A.  SAMPLING 


1.  Samples  must  be  collected  in  amber-glass  containers  with 
Teflon*-lined  caps.  The  bottle  must  be  prerinsed  with  the 
sample  before  collection. 

2.  Samples  must  be  extracted  within  7  days  of  collection. 
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Table  12.  Preparation  of  Working  Control  Spike  Solutions 


Volume 

Final 

of  Standard 

Standard 

Volume  Concentration 

Analyte 

Diluted  (ml) 

Diluted 

(ml)  (ug/ml) 

Nitroaubstituted  Compounds— Working  Control  Spike  Solution 


HMX  0. 5 

RDX  0. 5 

135TNB  0.5 

13DNB  0.5 

35DNP  0.5 

246TNT  0.5 

26DNT  0. 5 

24DNT  0. 5 

PAH  Compounda-*-Working  Control  Spike 

Stock 

Stock 

Stock 

Stock 

Stock 

Stock 

Stock 

Stock 

Solution 

25 

25 

25 

25 

25 

25 

25 

25 

20 

20 

19 

22 

36.3 

20 

22.8 

20 

Naphthalene 

0.5 

Stock 

25 

41.2 

Acenaphthylene 

0.5 

Stock 

25 

65.6 

Acenaphthene 

0.5 

Stock 

25 

24 

Phenanthrene 

1 

Intermediate 

Stock 

25 

15.2 

Anthracene 

1 

Stock 

25 

12.1 

Fluoranthene 

0.1 

Stock 

25 

4.0 

Pyrene 

0.5 

Stock 

25 

19.2 

Chrysene 

0.25 

Intermediate 

Stock 

25 

1.0 

Benzo ( b ) fluoranthene 

0.5 

Intermediate 

Stock 

25 

1.04 

Benzo(k) fluoranthene 

0.5 

Intermediate 

Stock 

25 

2.06 

Benzo (a)pyrene 

0.5 

Intermediate 

Stock 

25 

2.24 

Dibenzo(a,h) anthracene 

2 

Intermediate 

Stock 

25 

7.52 

Indeno(l , 2, 3-cd) pyrene 

2 

Intermediate 

Stock 

25 

2.88 

Source:  ESE,  1982. 


24 


AMD. 5/HFLC. 10 
7/22/82 


B.  EXTRACTION 

1.  Allow  samples  Co  warm  Co  room  CemperaCure.  Mark  Che  wacer 
meniscus  on  Che  side  of  Che  sample  conCainer  for  lacer 
determination  of  Che  exacC  sample  volume.  The  sample  volume 
should  noc  be  less  chan  1  L.  Do  noc  filcer  Che  water. 

2.  Pour  Che  entire  sample  into  a  2-L  glass  or  Teflon* 
separatory  funnel  with  Teflon*  stopcocks. 

3.  Check  Che  pH  with  wide-range  pH  paper  and  adjust  Che  pH  to 
less  Chan  3  with  6N  HC1. 

4.  Add  100  g  of  reagent-grade  NaCl,  and  shake  Co  dissolve  Che 
salt. 

5.  Add  100  ml  of  methylene  chloride  Co  Che  sample  bottle,  shake 
for  30  seconds  Co  rinse  Che  container  walls,  and  Cransfer 
Che  solvenC  into  the  separatory  funnel. 

6.  Extract  the  sample  by  vigorously  shaking  Che  separatory 
funnel  for  at  least  2  minutes  with  periodic  venting  to 
release  any  vapor  pressure. 

7.  Allow  the  organic  layer  to  separate  from  the  water  layer  for 
a  minimum  of  10  minutes. 

8.  If  the  emulsion  interface  between  Che  layers  is  greater  than 
one-third  the  volume  of  Che  organic  layer,  centrifugation  or 
placing  Che  separatory  funnel  in  an  ultrasonic  bath  must  be 
employed  Co  break  Che  emulsion.  Addition  of  small  amounts 
of  methanol  can  also  aid  in  dispersing  emulsions. 

9.  Draw  off  the  methylene  chloride  and  pass  through  a  glass 
funnel  fitted  with  a  small  plug  of  glass  wool  and 
approximately  1  inch  of  anhydrous  sodium  sulfate  into  a 
500-ml  K-D  flask  fitted  with  a  25-ml  K-D  receiver, 
calibrated  at  the  25-ml  mark. 

10.  Repeat  Steps  5  through  9  two  more  times. 

11.  After  the  third  extract  has  been  transferred  to  the  K-D 
flask,  rinse  the  sodium  sulfate  in  the  funnel  with 
approximately  20  ml  of  methylene  chloride.  This  solvent 
rinse  is  added  to  the  K-D  apparatus. 
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12.  Add  a  Teflon*  boiling  chip  to  the  methylene  chloride  extract 
in  the  flask,  and  attach  a  3-ball  Snyder  column  to  the 
apparatus.  Prevet  the  Snyder  column  by  adding  approximately 
1  ml  of  methylene  chloride  to  the  top. 

13.  Concentrate  the  methylene  chloride  extract  by  placing  the 
K-D  apparatus  in  an  80 *C  water  bath.  Immerse  the  receiver 
of  the  K-D  nearly  up  to  the  joint. 

14.  The  balls  of  the  Snyder  column  should  actively  chatter,  but 
the  chambers  should  not  flood. 

15.  When  the  apparent  volume  of  the  liquid  in  the  receiver  is 
less  than  approximately  15  ml,  remove  the  K-D  apparatus  from 
the  water  bath  and  allow  it  to  drain  at  least  10  minutes 
while  cooling. 

16.  Remove  the  Snyder  column  and  rinse  the  K-D  flask  and  its 
lower  joint  into  the  receiver  with  1  to  2  ml  of  methylene 
chloride. 

17.  Raise  the  volume  of  the  methylene  chloride  in  the  receiver 
to  the  calibrated  20-ml  mark. 

18.  Stopper  the  receiver  with  an  ungreased  ground-glass  stopper, 
and  mix  the  extract  by  inversion  of  the  receiver. 

19.  Remove  the  ground-glass  stopper,  and  pipette  10  ml  of  the 
methylene  chloride  extract  into  an  amber  or  foil-wrapped 
20-ml  glass  vial.  Cap  the  vial  with  a  Teflon*-lined  cap, 
and  store  at  4*C  for  later  use  if  a  silica-gel  cleanup  is 
necessary. 

2Q.  Rinse  the  ground-glass  stopper  with  1  to  2  ml  of  methylene 
chloride  into  the  extract  remaining  in  the  receiver. 

21.  Place  a  micro-Snyder  column  on  the  receiver,  and  prewet  the 
coltaan  with  1  ml  of  methylene  chloride.  Add  a  fresh  Teflon* 
boiling  chip. 

22.  Concentrate  the  extract  by  gently  heating  the  receiver  in  an 
80 *C  water  bath. 
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23.  When  Che  apparent  volume  of  Che  liquid  is  less  Chan 
approximately  1  ml,  remove  the  receiver  from  the  water  bath. 

24.  Remove  the  micro-Snyder  column  and  rinse  its  lower  joint 
into  the  receiver  with  2  ml  of  HPLC-grade  acetonitrile. 

25.  Reattach  the  2-ball  micro-Snyder  column,  and  reconcentrate 
to  0.5  ml. 

26.  Remove  the  receiver  from  the  water  bath  and  again  add  2  ml 
of  HPLC-grade  acetonitrile,  rinsing  the  joint  column  with 
the  solvent. 

27.  Again,  reconcentrate  the  sample  to  0.5  ml. 

28.  Repeat  Steps  26  and  27. 

29.  After  this  third  exchange  to  acetonitrile,  the  extract  is 
quantitatively  transferred  to  a  10-tnl  graduated  centrifuge 
tube. 

30.  The  extract  volume  is  then  reduced  by  controlled  evaporation 
under  a  gent’e  stream  of  dry  nitrogen  to  a  volume  of 
approximately  0.2  to  0.3  ml. 

31.  The  sides  of  the  graduated  centrifuge  tube  are  then  rinsed 
with  0.2  ml  of  HPLC-grade  acetonitrile  to  yield  an 
approximately  0. 6-ml  extract  volume. 

32.  Dilute  the  extract  to  the  calibrated  2 -ml  mark  with 
phosphate-buffered,  HPLC-grade  water  (pH  ■  3).  This 
procedure  yields  a  final  extract  volume  of  2  ml  in  a 
solution  that  contains  approximately  30Z  CH3CN. 

33.  Transfer  this  extract  to  a  1-ml  septum-sealed  vial  for  HPLC 
analysis . 

34.  The  extract  is  now  ready  for  HPLC  analysis. 

.  SAMPLE  CLEANUP 

If  it  becomes  apparent  during  the  HPLC  analysis  that  the  sample 
cleanup  is  necessary  for  proper  qualitative  identification  of 
the  sample  components,  the  following  procedure  is  used  to  help 
remove  possible  inter ferents .  The  cleanup  procedure  is 
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necessary  when  components  are  found  with  the  proper  retention 
times  but  do  not  have  the  correct  detector  ratios,  or  when  large 
broad-band  inter ferents  are  noted  in  the  chromatogram.  The 
sample  cleanup  steps  are  as  follows: 

1.  The  10-ml  extract  portion  saved  in  Step  19  of  the  extraction 
procedure  is  transferred  to  a  10-ml  glass  syringe  with 
Leur-lock  tip. 

2.  The  extract  is  then  passed  through  a  silica-gel  Sep-Pak* 
attached  to  the  syringe  at  a  rate  of  approximately  5  ml/min, 
and  the  eluate  is  collected  in  a  20-ml  K-D  receiver. 

3.  The  storage  vial  is  rinsed  with  5  ml  of  50Z  CH3OH  in 
methylene  chloride;  this  extract  is  passed  through  the 
silica-gel  Sep-Pak*  and  the  eluate  collected. 

4.  The  eluates  from  Steps  2  and  3  may  be  combined  if  only 
general  cleanup  is  desired.  The  eluates  are  analyzed 
separately  if  sample  fractionation  is  also  required. 

5.  Follow  Steps  21  through  34  of  the  extraction  procedure  to 
prepare  the  final  extract  for  HPLC  analysis. 

D.  CALIBRATION 

1.  A  minimum  of  three  instrument  calibration  standards  and  a 
blank  will  be  run  at  the  beginning  of  the  analytical  run. 

One  of  these  standards  will  be  duplicated  at  the  conclusion 
of  the  analytical  run  to  verify  constant  instrument 
response . 

2.  Plot  the  normalized  integrator  areas  versus  micrograms/ 
milliliter  of  each  standard  to  obtain  a  working  curve. 

E.  ANALYSIS 

1.  Inject  50  ul  of  the  extract  onto  the  HPLC  column. 

2.  Perform  the  analysis  of  the  sample  according  to  the 
conditions  given  in  Section  3(B). 

3.  Measure  the  response  of  the  sample  for  the  components  of 
interest  on  each  of  the  three  detectors.  Peak  heights 
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rather  than  areas  are  used  because  they  are  less  subject  to 
interferences. 

Quantitation  of  the  components  of  interest  is  carried  out 
according  to  Section  6  on  the  particular  detector  specified 
for  each  analyte  in  Section  1. 

Qualitative  identification  of  the  component  of  interest  is 
outlined  in  Figure  3.  Detector  ratios  are  calculated  for 
unknown  sample  components  and  compared  to  the  ratios 
obtained  during  the  calibration  run.  The  ratios  obtained 
during  documentation  should  serve  as  guidelines  for  the 
magnitude  and  variance  of  the  expected  ratios.  The  absolute 
value  of  the  ratios  may  vary  sometfiat  on  different  instru¬ 
mentation,  especially  on  ratios  involving  fluorescence 
because  only  a  relative  intensity  on  a  particular  instrument 
is  measured.  The  absorbance  ratios  should  be  more  consis¬ 
tent  among  different  instruments  because  the  absorbance  is  a 
property  measured  in  a  more  rigorously  defined  manner  than 
fluorescent  intensity. 

If  the  retention  time  and  the  ratios  match  those  for  one  of 
the  standards,  the  presence  of  that  particular  analyte  in 
the  sample  is  confirmed.  If  peaks  are  found  for  trfiich  the 
retention  times  match  but  the  ratios  do  not  match  any  c£  the 
standards,  sample  cleanup  is  conducted.  The  cleaned 
fraction  is  then  analysed  by  HPLC,  and  the  same  criteria  are 
applied  for  compound  verification. 

A  detector  ratio  is  considered  positive  if  it  falls  within 
the  95-percent  confidence  interval  for  the  ratio  obtained 
during  documentation  for  that  particular  analyte.  The  mean 
detector  ratios,  95-percent  confidence  interval,  and  lowest 
level  (ppb)  at  which  these  ratios  could  be  accurately 
measured  due  to  instrumental  sensitivity  limitations  are 
presented  in  Tables  13  and  14. 


Table  13.  Absorbance  Ratios  and  Detection  Limits  of  Analytes  in  Standard  Water  without  Silica-Gel  Cleanup 
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Table  14.  Absorbance  Ratios  and  Detection  Units  of  Analytes  in  Standard  Water  with  Silica-Gel 
Clearup 
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6.  CALCULATIONS 

Determine  the  concentration  of  each  analyte  according  to  the 
following  formula: 

Concentration  (ug/g)  ■  (A)(V>-) 

V, 

where:  A  ■  Concentration  (ug/ml)  of  analyte  found  in  the  sample  by 
comparison  with  the  appropriate  standard  curve  (ug/ml), 
Vt  -  Volume  of  total  extract  (ml),  and 
Vs  ■  Volume  of  initial  sample  extracted  (L). 

The  concentration  is  corrected  for  recovery  by  dividing  by  the  slope 
of  the  regression  line  for  observed  value  versus  target  value  for 
spi\ed  samples. 

7.  REFERENCES 

Hubaux,  A.  and  Vos,  G.  1970.  Anal.  Chem.  42,  849-885. 


8.  DATA 

See  Figures  4  through  6  and  attached  data  sheets. 
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Figure  5  Prepared  for: 

hplc  chromatogram  of  A  stanoaro  water  sample  u*8*  Army  Toxic  and  Hazardous 

spiked  AT  THE  iox  LEVEL  USING  A  254-nm  DETECTOR  Materials  Agency 

_ _ _ _ _ Abwdwn  Proving  Ground,  Maryland 
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0  «  C  C  0  J 

0  .  0  (1 0  0 

C  •  f'  2  0  C 

r  -  ft  o  r,  n 

<-  •  —  L.  w  <*' 

3.6  3 

1.7* 

1.60 

3.01 

9.6  4 

7.26 

3.75 

3.80 

6.30 

3.30 

14.5 

7. 48 

7.45 

19.3 

9.60 

36.3 

19.4 

18.0 

35.0 

22.0 

72.6 

61.0 

42.3 

64.2 

32.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

j  •  D  0  «  i> 

0  .  C  0  C  0 

o. ooro 

0.0  0  n 

3.63 

2.25 

0.686 

30.= 

-3  8.1 

7.26 

4.29 

1.36 

31.7 

-40. c 

14.  f 

11.0 

r-.65 

51.6 

-24.4 

36  •  3 

2  3.6 

7.78 

33.0 

-35. 0 

72.6 

49.9 

15.2 

30.5 

-31.2 

67 


TARGET  FOUND 


TARGET 

CORR.  COEFF . *  0.9379  FOUND  *  -0.1586*  0. 685040TTARGET 

DETECTION  LINIT  *  34.21232 


3*5  CNP*STD<254NH>  tUG/L) 


CLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

0.0000 

0.0000 

0.0000 

o. oonc 

0 . 0  0  0  c 

3*63 

2.67 

2.56 

4.17 

2. 1C 

7.26 

8.19 

4.90 

6.60 

6.60 

14.5 

8.12 

11.4 

6.91 

12.9 

36.3 

38.8 

25.2 

31.2 

32.  C 

72.6 

71.4 

60.2 

57.1 

35.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

o.ooco 

C.QOC-O 

0.0000 

0.0000 

O.noon 

3.63 

2.92 

0.888 

30.4 

-19.4 

7.26 

6.57 

1.34 

2C.4 

-9.47 

14.5 

9.83 

2.79 

28.4 

-32.2 

36.3 

31.8 

5.57 

17.5 

-12.4 

72.6 

56.0 

15.1 

27.0 

-22. c 

69 


ARGET  FOUND 


A. 


in 

/v 


<c 


«o 


o 

M 


« 


W 

is. 


i 


'•a 


a 


o 

«  ^  ® 

^  n 


® 


70 


TARGET 

CORR.  COEFF. =  0.9572  FOUND  »  8.3212*  0. 783399*TARGET 

DETECTION  LIMIT  «  27.96878 


2*4,6  TNT  »ST  D ( 254NM  )  (UG/L) 


UNCLEAN 


1 

i *.« 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0  %  Q  0  0  ^ 

0.0000 

0.0000 

0.0000 

C.Q100 

2.  GO 

0.0000 

2.99 

2.21 

0.900 

4.00 

4.20 

3.56 

2.99 

4.78 

8.00 

3.20 

7.44 

7.75 

7.98 

20.0 

20.6 

20.9 

19.8 

17.5 

1  -*> 

1  o 

1  • 

1  o 

33.5 

36.8 

36.2 

37.0 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.GQQ0 

o.?ooc 

0.0000 

0.0000 

c .  ?  r  o  o 

2.00 

1.52 

1.33 

87.4 

-23.  P 

4.00 

3.88 

0.776 

20.0 

-2.94 

8.00 

6.59 

2.27 

34.5 

-17.6 

20. C 

19.7 

1  .54 

7.81 

-1.53 

40.0 

35.9 

1.62 

4.51 

-10.3 

71 


:»♦•£>  TNT.NAT1254NM)  (UG/L)  unclean 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

c .  o  o  o  o 

O.QOOC 

O.OCOO 

0.0000 

0.0000 

2.00 

2  .5! 

2.10 

2.75 

3.17 

4.  DC 

4.8b 

5.52 

5.39 

3.75 

8.00 

11.3 

7.90 

14.1 

8.00 

20. C 

22.0 

18.6 

25.7 

25.5 

-40.0 

39.3 

42.7 

42.2 

41.9 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0  .  C  0  0  0 

.  OOL'C 

o.cooo 

0.0000 

o.ococ 

2.  DO 

2 .53 

0  .448. 

17.0 

31.4 

4. CO 

4.88 

C.8C6 

16.5 

22.0 

8.0C 

10.3 

2.97 

28.8 

29.1 

20. C 

2  2*.  9 

3.3  5 

14.6 

14.7 

40.0 

41.5 

1.52 

3.66 

3.81 

TARGET  FOUND 


a  © 

'  § 
o 

lf>  vo  fv.  U.  09 

t  f)  w  «  ® 


TARGET 

CORR.  COEFF.3  0.9913  FOUND  3  8.9551*  1 . 83486?*TARGET 

DETECTION  LIMIT  «  6.76562 


2*4*6  TNT  *STC(254NM)  <UG/L>  CLEAN 


i 

( . 

TARGET 

CONCENTRATION 

l 

DAY 

2 

3 

4 

V  . 

o.oeoo  . 

0.0000 

C .3000 

o.ooec 

C .0000 

2.00 

2.23 

O.OOCO 

1.37 

3.31 

L  . 

4.00 

5.86 

2.70 

4.2C 

4.9R 

i 

8. 00 

4  .35 

5.57 

9.32 

7.48 

i 

23.0 

22.5 

10.6 

18.4 

20.6 

L  : 

40.0 

36.5 

32.7 

36.2 

45.1 

TARGET 

CONCENTRATION 


AVERAGE  STANDARD  PERCENT  PERCENT 

FOUND  VALUE  DEVIATION  IMPRECISION  INACCURACY 


TARGET  FOUND 


o 


•S  ®  ®  •*.  ®  ® 

m  "t  n  cm  «  ® 


76 


TARGET 

CORR.  COEFF.*  0.9769  FOUND  ■  -0.0971+  0. 934799TTARGET 

DETECTION  LIMIT  =  11.14182 


2t6  DNT  *STO (23  ONM ) 

(U6/L ) 

UNCLEAN 

TARGET 

DAY 

CONCENTRATION 

1 

2 

T 

4 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

cc 

CVJ 

• 

CVI 

1.46 

2.10 

0.630 

1.22 

4.56 

1.68 

2.93 

3.94 

3.24 

9.12 

3.94 

8.16 

8.17 

8.40 

22.8 

17.8 

17.1 

20.9 

23.3 

45.6 

34.8 

43.9 

36.0 

37.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PER  CFNT 
INACCURACY 

o.cooo 

C.0000 

0.0000 

0.0000 

0.0000 

2.2B 

1.35 

0.608 

45.0 

-40.7 

4.56 

2.95 

0.945 

32.1 

. -35.4 

9.12 

7.17 

2. IS 

30.1 

-21.4 

22.6 

00 

• 

0> 

2.87 

14.5 

-13.3 

45.6 


38.0 


4.06 


10.7 


16.7 


TARGET  FOUND 


•2 

in 


•2 

ro 


<2 

CU 


© 


TARGET 

COEFF.a  0.9891  FOUND  *  -0.3929+  0. 848?43*TARG£T 

T  »  8.63843 


■MM 


i: 


2.6  DM  *NAT  (23  CNN)  CUC-/L)  UNCLEAN 


i  TARGET 

1  CONCENTRATION 

9 

HAY 

2 

T 

wl 

4 

0.0000 

0.0000 

0.0000 

0.0000 

r.ooco 

2  .2b 

1.76 

1.54 

0.0000 

1  .61 

4.56 

5.79 

3.75 

3.68 

4.2C 

9.12 

A. 11 

6.C8 

7.99 

4.02 

22.  b 

18.5 

14  .8 

22.1 

19.° 

i-  45.6 

42.3 

40.5 

41.5 

35  .° 

j  TARGET 

1  CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

INPRECISION 

PERCENT 

INACCURACY 

a.GGOC 

Q.GOCG 

0.0000 

0.0000 

C.C3C0 

2.2b 

1.23 

0.828 

67.2 

-45. c 

4.56 

3.85 

0.234 

6.08 

-15.5 

9.12 

6.55 

1.93 

29.4 

-28.0 

22.8 

18.9 

3.07 

16.3 

-17.3 

45.6 

40.0 

2.86 

7.15 

-12.2 

TARGET  FOUND 


in  >o  is.  oo 

n  <sj  —  o 


80 


CORR.  COEFF. *  0.9923  FOUND  *  -0.6610+  0. 8331 96t TARGET 

DETECTION  LIMIT  *  7.2509 


2.6  CAT»STD(23 CNM » 

(!jr/L) 

CLEAN 

TARGET 

DAY 

CONCENTRATION 

- 

? 

T 

4 

c .  c- ; .  :• 

0 . :  c  d  - 

o.cooo 

0.0000 

c  •  0  c  0  c 

2.2:. 

C  *  791 

«? .  c  0  0 

1.24 

1.56 

4 . 56 

3.37 

3 . 1  ■  3 

3.24 

3.64 

9.12 

*  .93 

f  .84 

R.21 

7.36 

2  2. 

19.7 

17.6 

18.7 

18.0 

45  .6 

34.9 

48.4 

38.4 

36.1 

target 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

c .  0  0  ■:  c 

c .  c  0  c  0 

o.cooo 

0 .  a  0  c 

0  .  r  0  ■  c 

2  0  t  i- 

■  .8.99 

:  .677 

75 .4 

-6  0.6 

4  •  5  fc 

3.5° 

0.283 

7.88 

-21.2 

9.12 

6.81 

1.44 

21.1 

-25.7 

22  .  r 

18.5 

0 .9C5 

4.89 

-1«.P 

45.6 

39.4 

6.17 

15.6 

-13.5 

81 


TARGET  FOUND 


9. 75064 


2»4  DNT .STD<254NM)  (UG/L) 


UNCLEAN 


TARGET 

CONCENTRATION 

-! 

DAY 

2 

r 

4 

J  •  O  w  u  c 

0.0000 

o.coco 

0.0000 

0.0000 

2.:: 

2.6b 

1.44 

f\  f»  ft  Ct  ft 

J  •  V  W  \J  J 

1.34 

4.:: 

3.22 

3.45 

3.18 

3.41 

8  *  0  C 

7.08 

8.22 

7.44 

6.24 

20.: 

16.2 

16.8 

16.6 

16.6 

40 .0 

32.5 

3A.1 

38.3 

3  r  •  3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PEPCENT 

INACCURACY 

0.000G 

0 .0000 

0.0000 

0.0000 

0.0000 

2. GO 

1.36 

1.09 

79.9 

-32.  r 

4. GO 

3.26 

0.202 

6.19 

-18.4 

8  .  G  0 

7.24 

0.822 

11.3 

-9.44 

2C.0 

16.5 

0.251 

1.52 

-17.3 

4G.C 

33  .8 

3.38 

10.0 

-15.5 

83 


CORR.  COEFF . =  0.9938  FOUND  *  -8. 04774  0. 844612*TARGET 

DETECTION  LIMIT  *  5.71221 


2,4  DM  *NAT  (254NM  )  <UO/L>  UNCLEAN 


target 

CONCENTRATION 

1 

DAV 

2 

3 

4 

U  •  Q  C  G  u 

o.cocc 

c.cooe 

0 . 0  0  0  C 

"•.occc 

2*00 

1.73 

1.65 

1.20 

1.79 

4. CO 

3.49 

3.33 

3.-3 

2.32 

8.00 

7.45 

5.23 

11.6 

6  •  Q7 

20.0 

16.4 

13.9 

21.4 

21.2 

40.0 

36.9 

31.4 

36.6 

34.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

O.oOCG 

c . :  o  o  o 

o.cooc 

0.  occo 

0 . 0  C  0  0 

2.00 

1.59 

0.268 

16.8 

-2C.4 

4  .  C  0 

3.04 

0.518 

17.  r 

-23.9 

8.0  0 

7.81 

2.69 

34.5 

-2.3: 

.0 

18.2 

3.70 

20.3 

--.88 

4  0.0 

34.8 

2.55 

7.32 

-13.0 

I 
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2*4  DNT«STD(254NM)  (UO/L>  CLEAN 


TARGET 

CONCENTR  AT  ION 

1 

DAY 

2 

r 

4 

O.OOGQ 

0.0000 

0.0000 

o.cooo 

0.0000 

2 . 0  j 

1  .86 

0.0000 

0.0000 

1  .6? 

4.00 

3.13 

2.91 

3.00 

1.81 

8.00 

7.51 

6.31 

5.46 

5.92 

20. C 

18.5 

16.5 

16.6 

16,2  1 

40.0 

31  .? 

38.7 

30.2 

35.4  ] 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

C  .  0  0  0  0 

0,0000 

G.0000 

0. ocoo 

0.0000 

2.0: 

-.8  70 

1.01 

116 

-56.5 

4.00 

2.71 

0.608 

22.4 

-32.2 

8.0  0 

6.30 

0.878 

13.9 

-21.3 

20.0 

17.0 

1.04 

6.13 

-15.2 

4C.C 

33.9 

3.93 

11.6 

-15.3 

r 


NAPHTHALENE*STD(280NM> 

(UG/L) 

UNCLEAN 

TARGET 

DAY 

CONCENTRATION 

1 

2 

3 

& 

0  •  C  0  0  u 

C  .0000 

0.0000 

0.0000 

t'.oeoo 

4.12 

2.5  0 

3.30 

2.30 

3.31 

8.24 

5. If 

5.68 

5.89 

5.34 

16.5 

9.58 

10.9 

9.75 

9.93 

41.2 

22.1 

24.4 

34.7 

20.6 

82.4 

36.1 

44.7 

61.3 

50.9 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0 .0*00 

0.0000 

0.0000 

0.0000 

4.12 

2.85 

2.529 

18.5 

-30.  P 

8.24 

tM 

in 

• 

in 

0.329 

5.96 

-33.2 

16.5 

10.3 

0.576 

5.74 

-39.1 

41.2 

25.4 

6.36 

25.0 

-3  P.2 

82.4 


48.2 


10.6 


22.0 


41.4 


TARGET  FOUND 


1 


\ 


tn 

loo 


00 

10 


in 


w 


\ 


© 


in  w 

'o  in 


o 

^  ^  'D  r> 
ro  <n  © 
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TARGET 

CORR.  COEFF. a  0.9674  FOUND  *  0.4925+  8. 564805^ TARGET 

DETECTION  LIMIT  •  27.47117 


NAPHTHALENE*NAT(28GNM>  <UG/L) 


UNCLEAN 


TARGET 

CONCENTRATION 

l 

DAY 

2 

3 

a 

C .0000 

0.0000 

0.0  0  00 

0.0000 

0  »  0  0  0  0 

4.12 

2.31 

2.25 

3.0000 

2.05 

8.24 

4.53 

5.38 

3.27 

5.63 

16.5 

10.2 

7.06 

11.6 

13.2 

41.2 

19.6 

19.0 

35.8 

29.6 

82.4 

52.3 

64.0 

50.9 

53.0 

a 


TAR  GET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCUPACY 

0.0000 

0,0000 

0.0000 

0.0000 

0.00' n 

4.12 

1.65 

1.11 

67.0 

-59.9 

8.24 

4.70 

1.06 

22.6 

-42. a 

16.5 

10.5 

2.61 

24.8 

-36.1 

41.2 

26.0 

8.14 

31.3 

-36.9 

82.4 

55.0 

6.03 

11.0 

-33.2 

TARGET  FOUND 


s 

o 


in 

09 


09 


fO 


r- 


m 


•  >  | 

© 

<\J  CP.  U.  tXf 

in  ro  <m 


n 


<9 


9 
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TARGET 

CORR.  COEFF.*  0.9814  FOUND  *  -0.7412+  0. 671590*TARGET 

DETECTION  UNIT  *  20.51429 


NAPHTHALENE *STDC2“0Nf* )  (UG/L) 


CLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0CG0 

0.300C 

O.COOC 

o.ooco 

C.OCCC 

* 

4.12 

1.96 

2.52 

2.85 

3.62 

8  .2* 

5.35 

C.51 

4.83 

4.73 

16.5 

8.13 

7.81 

9.86 

9.73 

CM 

• 

H 

4* 

25.4 

15.2 

22.1 

20.6 

7 

82.4 

36.1 

65.3 

38.4 

51.3 

i 

1. 


TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

INPRECISION 

PER  TENT 
INACCURACY 

i 

i 

O.GOGO 

0 .0400 

0.0000 

o.ooco 

o.ococ 

4.12 

2.74 

0.694. 

25.3 

-33.6 

! 

8  •  c  4 

5. 1C 

0.383 

7.5  3 

-38.0 

16.5 

8.88 

1.06 

12.0 

-46.1 

i 

41.2 

20.8 

4.25 

20.4 

-49.4 

? 

82.4 

47.8 

13.5 

28.2 

-42.0 

1 

92 


TARGET  FOUND 


ACENAPHTHYLENE, STD (28 

■  NM>  CUG/L) 

UNCLEAN 

TARGET 

CONCENTRATION 

1 

DAY 

2 

X 

S 

0.0000 

0.0300 

0.0000 

o.ooco 

:.oooo 

6.56 

5.63 

6.37 

8.87 

6 .00 

13.1 

13.0 

13.4 

13.4 

12.7 

26.2 

23.9 

23.6 

23.5 

23.7 

65.6 

76.6 

64.5 

55.4 

56.1 

131 

117 

116 

138 

112 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0  .0000 

o.cooo 

O.COOO 

O.OCCC 

6.56 

6.72 

1.47 

.  21.8 

2.4? 

13.1 

13.1 

0.336 

2.56 

0.114 

26.2 

23.7 

0.171 

0.723 

-9.78 

65.6 

63.1 

9.87 

15.6 

-3.73 

131 

121 

11.6 

9.64 

-7.69 

94 


TARGET  FOUND 


95 


TARGET 

CORR.  COEFF. *  0.9916  FOUND  =  0.5822+  0. 923016*TARGET 

DETECTION  LIMIT  «  21.82465 


ACENAPTHYLENE»NAT  <  28  C  NM  >  UNCLEAN 


TARGET 

CONCENTRATION 

DAY 

2 

3 

ft 

J 

0 . 0  C  C  0 

o.ccoo 

o.oocc 

O.CCOO 

G  .  0  0  0  G 

] 

6.56 

1  .5  C 

4.00 

C  .  C-  0  0  0 

6.43 

■j 

13.1 

13.5 

10.3 

7.96 

6.71 

•  -A 
\ 

26. 2 

16.  A 

13.9 

16.7 

14.2 

11 

65.6 

37.5 

3  3.5 

6C.4 

37. c 

'  j' 

:ti 

1  D 1 

96.4 

1C2 

110 

y 

;i 

ii 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

u 

0.0000 

o  ,oooc 

0 . 0  C  0  0 

0. oonc 

O.CCOO 

6.56 

2.98 

2.83 

94.9 

-54.* 

13.1 

9.6  0 

2.98 

31.0 

-26.8 

26.2 

15.3 

I  .43 

9.31 

-41.6 

65.6 

42.3 

12.2 

?P  .9 

-35.5 

131 

1  12 

5.63 

5.5“ 

-2 1  •  ° 
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I 
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CORR.  COEFF.-  0.9863  FOUND  *  -2.61114  0. 775981 f TARGET 

DETECTION  LIMIT  *  27.99501 


ACENAPTHYLENF,STD(2B 

0 N  M  ) <  UG/L ) 

CLEAN 

TARGET 

DAY 

CCNCENTR  AT  10'.' 

1 

* 

2 

3 

a 

j.QOCO 

0  •  0  3  0  D 

3.0000 

0. 3000 

^.OOOC 

6  •  5  6 

6.67 

6.25 

0  .80 

8.1° 

13.1 

12. P 

13.0 

15.2 

13.6 

26.2 

21.5 

23.5 

23.9 

23.0 

65.6 

68.9 

A  7  •  3 

55.5 

56.1 

131 

117 

163 

111 

132 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PER  CENT 
IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

: .oooG 

0.0000 

0 . 0  0  C  C 

C  .  0  0  C  C 

e  .56 

6.58 

C  .84  2. 

12.1 

6  .  T  6 

13.1 

13.6 

1.10 

8.08 

3.91 

26.2 

23. C 

1.05 

8.5  7 

-12.4 

65*6 

56.9 

P.92 

15.7 

-13.2 

131 

131 

23.2 

17. e 

-0.343 
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TARGET  FOUND 


>Xt  *45  M3  M3  Cl  01  CM  >M  M3  *0  'C  M3  •' 

in  in  in  in 


CDOOOl'6<Otfl*D 


•  ••••••••••  •  *■■•  ii«  «-•  *■• 

ro  ro  n  n  >o  M3  •■o  '■o  in  in  in  in  r>  n.  ro  ro  • 

h*i«4«<  i>j  <\|  CJ  C.J  M3  '0  <X3  M3  -*  -*V*  — * 
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© 
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© 
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© 

Ti 


•3 

M3 


UJ 

U 
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ro 
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CORR.  COEFF. =  0.9799  FOUND  «  -1.1351*  0. 980946CTARGET 

DETECTION  UNIT  =  34.62787 


ACENAPTHENE»STD<2e0NM) 

(UG/L) 

UNCLEAN 

TAR6ET 

DAY 

CONCENTRATION 

4 

2 

T 

4 

0  •  0  0  v  G 

G.,  0  00  0 

0.0000 

0.0000 

f  .  0  0  c  c 

1.50 

1.94 

2.96 

2.28 

1.0CC 

4.83 

5.65 

cn 

• 

CD 

--4 

4.11 

4  •  °  1 

9.60 

6.51 

6.52 

8.02 

7  .  Q1 

24. G 

15.2 

17.7 

15.2 

23.7 

• 

O  1 
•  1 

GO  • 

<r  i 

35.4 

37.7 

43.8 

37.8 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.0000 

0.0000 

0. 3000 

0  .  "  0  0  3 

1  .50 

2. 04 

0.816 

.  39.9 

36.3 

f 

OD 

4.96 

0.929 

18.7 

3.3? 

9.60 

7.24 

0.838 

11.6 

-24.6 

o 

• 

<T 

CM 

17.9 

4.01 

22.4 

-25.2 

48.0 


38.7 


3.59 


9.29 


19.4 


TARGET  FOUND 
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TARGET 

CORR.  COEFF . *  0.9873  FOUND  *  6.2835+  6. 766649TTARGET 

DETECTION  LIMIT  *  9.80686 


ACENAPTHENEtNAT(2P0NM)  ( UG/L  )  UNCLE  AN 


T  ARGET 

CONCENTRATION 

1 

DAY 

2 

4 

0 . 0  0  0  0 

C .0000 

3.0000 

0.0000 

C.CQOC 

2.4  3 

1.5" 

0.0000 

0 . 0  0  C  0 

2.3  0 

4.8  l 

3.6  C 

5.39 

3.07 

3  .  “*fJ 

9 . 6  C 

7.87 

5.7 

7. £8 

8.30 

24.  C 

16.5 

13.1 

23.2 

18.7 

48 . 0 

35.3 

37.1 

39.1 

31.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

o.ocoe 

0  .  0  0  C 

0.0000 

0. 0000 

o.oooo 

2. 4  0 

0.950 

1.14 

120 

-6  0.4 

4.8 

4.01 

0.993 

24.8 

-16.5 

9.60 

7.23 

1.46 

20.2 

-24.7 

24 .0 

17. Q 

4.24 

23.7 

-25.5 

O 

• 

cc 

35.7 

3.32 

9.30 

-25.6 
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TARGET  FOUND 
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© 
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® 


103 


TARGET 

CORR.  COEFF.*  0.98E5  FOUND  *  -O.0973+  6. 7471 12TTARGET 

DETECTION  LIMIT  »  10.14851 


ACENAFTHENE»STO(2CONM) (UG/L) 


CLEAN 


TARGET 

CONCENTR  AT  I 0 : 


T  aRGET 

CONCENTRATION 


AVERAGE  STANDARD  PERCENT  PERCENT 

FOUND  VALUE  DEVIATION  IMPRECISION  INACCURACY 


C .G000 

0 .GO  GO 

o.ccoc 

o.ooco 

O."C0C 

2.4  C 

2.83 

1.35. 

47.8 

17.9 

4.6; 

3.56 

1.36 

3e.6 

-25.7 

9. GO 

6.94 

0.833 

12.0 

-27.7 

24.0 

17.0 

1.64 

9.67 

-29.2 

4H  -  n 

T.1  -7 

-9  1  -  4 

I 


PHENANTHRtNE ♦ST0(28QNM)  <UG/L>  UNCLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

r 

A 

0.0300 

0.0000 

0.0000 

0.0000 

G.OOCO 

1.52 

1.13 

1.22 

1.33 

1.12 

3  •  0  A 

2.92 

2.90 

1.A2 

2  •  A  1 

6.C8 

5.32 

A  .75 

A. 91 

A. 98 

15.2 

1  A  .  3 

12.7 

11.2 

10.8 

30  .A 

20.2 

2A.7 

26*6 

2A.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0030 

0  .  0  C  0  0 

O.f 900 

Q.CQOC 

0.0000 

1  .52 

1.20 

0.C976 

.  8  •  1  A 

-21.1 

3 . 0  A 

2.  A1 

0.702 

29.1 

-20.6 

6.08 

A. 99 

C.2A0 

A. 81 

-17.° 

15.2 

12.3 

1.59 

13.0 

- 1  °  •  2 

30. A 

23.9 

2.70 

11.3 

-21.3 

U J 
IJ 
IX 
1 
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CORR.  COEFF.*  8.9908  FOUND  *  0.0?48+  0. 788957*TARGET 

DETECTION  UNIT  *  5.28666 


PHENANTHR£NEfNAT(26CNP)(UG/L)U MCLEAN 


TARGET  DAY 

CONCENTRATION  1  2  3 


C  .  u  0  G  0 

0.0000 

O.OGOO 

0.0000 

".0000 

1  *52 

1.43 

1.53 

0. OCDO 

1.16 

3 .04 

2.06 

2.19 

2.34 

3.17 

b.Gfc 

5.39 

4.14 

5.27 

4.4  0 

15.2 

:i.8 

9.42 

15. C 

11.6 

30.4 

23.6 

24.2 

26.0 

22.7 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

standard 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

I NACCU9  AC Y 

o.cooo 

O.COOO 

o.oooc 

0.  ococ 

0  .  G  C  0  0 

1.52 

i  • :  3 

0.704 

68.4 

-32.2 

3.  4 

2.44 

0.500 

20.5 

-19.7 

6  •  C  8 

4.60 

C.623 

13.0 

-21.1 

15.2 

11.9 

2.30 

19.3 

-21.4 

3  C  •  4 

24.1 

1  .39 

5.76 

-20.6 

TARGET  FOUND 
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TARGET 

CORR.  COEFF. =  0.3927  FOUND  *  -0.0581*  0. 794695* TARGET 

DETECTION  UNIT  *  4.70033 


PHENANTHRENE»STD(2R 

CNM) (UG/L  ) 

CLEAN 

TARGET 

DAY 

CONC ENTR  AT  ION 

* 

2 

3 

4 

C.0C3G 

0 . 0  C  0  c 

0.0000 

o.  coco 

0.0  00  0 

1.52 

1.60 

1.41 

1.09 

1.77 

3.0  4 

2.40 

3.40 

2.56 

2.75 

b  •  v  b 

4.41 

4.19 

5.32 

5.03 

15.2 

12.2 

12.4 

11.3 

10. B 

30.4 

24.8 

27.4 

21.5 

28.2 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

G.OCOO 

0  .  0  0  c 

0  .  3  0  0  Q 

0. 0030 

0.0000 

1.52 

1.47 

0.291 

19.9 

-T  .45 

3. 04 

2.68 

0.490 

1 8. 3 

-11.9 

6.08 

4.74 

0.527 

11.1 

-22.1 

15.2 

11.7 

0.754 

6.46 

-23.2 

30.4 

25.5 

3.02 

11.9 

-16.2 

V 
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TARGET  FOUND 


TARGET 

CORR.  COEFF. -  0.990?  FOUND  «  -O.0803+  0. 8271 1?*TARGET 

DETECTION  LIMIT  *  5.32481 


ANTHRACENE*STD(254NM)  CU6/L ) 


UNCLEAN 


TARGET 

CONCENTRATION 

DAY 

2 

T 

4 

C .0300 

o .cco: 

0.0000 

0.0000 

•: .  o  o  o  o 

OJ 

• 

1  .48 

2.24 

1  ."7 

1  .5® 

2.42 

2.48 

2.99 

3.01 

2.83 

4.84 

5. 1C 

4.22 

4.21 

4.03 

12.1 

11.8 

11.9 

11.7 

12.9 

24.2 

22.7 

21.5 

23.8 

22.3 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0  .  C  0  0  0 

0.0000 

C  .  0  0  0  0 

0.0000 

o.cooc 

1  .21 

1.69 

0.367 

21.7 

40.1 

2.42 

2.83 

0.241 

8.50 

16. Q 

4.84 

4.39 

0.481 

11.0 

-".3  3 

12.1 

12.1 

0.586 

ID 
o  j 

• 

-9.145 

24.2 

22.6 

0.971 

4.30 

-f  .75 
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TARGET  FOUND 
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TARGET 

CORR.  COEFF.s  0.9973  FOUND  «  0.34-44+  0. 926935*TARGET 

DETECTION  LIMIT  *  2.28363 


tMrif  ACC  '.E  ♦  *m  *-  T  125.4NM)  (UG/L) 


UNCLEAN 


T  A  r\  G  L  T 

DAY 

CONCENTRATION 

2 

7 

A 

n  • 

<  9  '  -  %  '• 

-’>  r-  f\  - 

V  •  -  w:  - 

r,  r  o  r  n 

0  -d  r  r  ^ 

r  •  P  ?  0  9 

1  .2  i 

'  .437 

9.747 

1.35 

0.321 

2.42 

1.25 

1.'  A 

1.91 

1  .£  1 

4.84 

3.21 

4.26 

«.*5 

4.2" 

12  .  i 

.13 

9.77 

12.6 

11.0 

24.2 

19.7 

21  .g 

22.4 

1  °  .  3 

target 

CCNCENTR AT  ION 

AVERAGE 
FOUND  VALUF 

standard 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

inaccuracy 

0  t  L  ••  v 

,  ♦]  C  -  J 

j.  ;-co a 

o . "  c :  o 

r.  «*  r-  r  r 

1.21 

.  7 1  T 

.461 

64.6 

-4  1.0 

2.42 

1.66 

0.326 

IE  .4 

-31.3 

4  .  ‘ 4 

4.6  3 

1  .56 

33.6 

-4 . 3  A 

l  ;■ .  i 

10.4 

1.91 

1ft. 4 

-14.2 

ANTHRACENE"  *STCC254NM)  (UG/L1 


CLEAN 


L 


T/PGET 

CONCENTRATION 

i 

DAY 

2 

4 

O.GOOC 

0.0000 

?  •  C  0  2  0 

o. occc 

: .  o  ?  o  o 

1  .21 

1 .4* 

1.62 

1.6  0 

1  .6® 

2.42 

2.49 

2.0  0 

2.63 

2.29 

4.84 

5.10 

5.98 

4.71 

4.20 

12.1 

1H.3 

13.0 

10.1 

1  1.8 

24.2 

22.7 

27.6 

22.6 

19.7 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

ft  .  C  C  0  0 

.  c  c  o  o 

0  •  n  3  o 

0.0000 

n.OCCC 

1  .21 

1.59 

0.096*- 

6.05 

31.6 

2.42 

2.65 

0.321 

12.1 

9.6  1 

4.64 

5.00 

:  .752 

15.0 

3.2r 

12.3 

1.80 

14.6 

’  .5  3 

24.2 

23.1 

3.28 

14.2 

-4.34 
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TARGET  FOUND 


© 


®  t  co  ^  eg 

«  W  »«  •»  y>  ® 


A 
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TARGET 

CORR.  COEFF.a  0.9857  FOUND  *  0.344?+  0. 951 734TTARGET 

DETECTION  LIHIT  *  5.26848 


FLU0RANTHENE.STD(28:NM>  (UG/L)  unclean 


TARGET 

CONCENTRATION 

1 

i 

DAY 

2 

X 

4 

0.0000 

0  .  0  00  0 

0.0000 

0.0000 

o  •  o  c  c 

0.430 

0.262 

C.554 

0  .151 

0.312 

0.8C0 

0.711 

0.921 

'  .737 

1.19 

1.60 

1.41 

1.34 

1.29 

1.70 

4.00 

2.35 

4.13 

4.02 

3.47 

8.00 

8.19 

8.12 

7.82 

7.56 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANOARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.00  3  G 

0  .0000 

0.0000 

0.0003 

0.3000 

0.400 

:  .320 

0.173 

53.2 

-2  0.1 

0.8.  C 

0.89G 

3.221 

24.8 

11.2 

1.6  0 

1.43 

0.183 

12.8 

-10.3 

4.00 

3.74 

0.390 

10.4 

-6.44 

8  •  0  C 

7.92 

0.290 

3.66 

-0.969 
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TARGET  FOUND 


•?ms> 


> 

Ci 

✓ 

z 

3 

CO 

mm 

o 

"T 

r- 

• 

• 

Lk. 

• 

• 

<0 

in 

TARGET 

CORR.  COEFF. *  0.9965  FOUND  *  -0.Q463+  0. 985820TTARGET 

DETECTION  LIMIT  «  0.86872 


FLU0fUNTHENFtNAT<2fi?Ntf  )  < UG/L ) UNCLE AN 


target 

CONCENTRATION 

1 

DAY 

2 

* 

4 

0.0003 

0 . CO  0  0 

0 . 0  C  0  0 

0.0000 

o.ocoo 

C.4C  0 

0.15C 

0.430 

0.0000 

.oorc 

Ci  .  8  C  0 

0.596 

0.466 

0.44? 

c.87n 

1.60 

1  .40 

1.13 

1.40 

1.48 

4.00 

3.5a 

2.70 

4.10 

3.18 

8.00 

&  .21 

7.38 

6.03 

7.56 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

C.COCO 

0.0000 

0. COCO 

0. COCO 

n  .  o  o  o  o 

C  .  4  G  C 

r  .145 

0 . 2 03  • 

14  0 

-63. P 

v.8  0 

:  •5C,T 

0.197 

33.1 

-25.R 

1  •  6 1 

1.35 

0.153 

11.3 

-15.5 

4 .00 

3.38 

0.591 

17.5 

-15.5 

8.  CO 

6.79 

0.786 

11.6 

-15.1 
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TARGET  FOUND 


TARGET 

CORR.  COEFF.*  0.9883  FOUND  «  -0.0784+  0. 860572tTARGET 

DETECTION  LIMIT  *  1.5729 


F  J0RANTHCNE«STD(28CNM)  <  UG/L )  CLEAN 


TARGET 

CONCENTRATION 

DAY 

2 

3 

4 

0.0000 

0.0 000 

C.0000 

0. ocoo 

0.0000 

0.400 

0.260 

0.401 

0.470 

'  #  *  *  f*  r 

3.800 

0.710 

0.740 

0.789 

0.674 

1.60 

1.48 

1.12 

1.41 

1.30 

4.00 

3.54 

3.58 

3.50 

3.35 

8.00 

8.20 

7.57 

6.4? 

7.60 

n 


TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

3.0G0C 

0.3003 

0.0000 

o.oooc 

0.003C 

0.400 

3.2  8  3 

C.208- 

73.5 

-?8.3 

0.8  C 

3.728 

0.C487 

6.68 

-8.97 

1.60 

1.33 

0.157 

11.8 

-17.  r 

4.00 

3.49 

0.100 

2.88 

-12.7 

8.00 

7.45 

0.744 

9.99 

-6.91 

122 


TARGET 


TARGET 

CORR.  COEFF. *  0.9936  FOUND  «  -0.0832*  0. 936906TTARGET 

DETECTION  UNIT  =  1.15485 


PYREN£fSTD<281iNH> 

IUG/L ) 

UNCLEAN 

TARGET 

DAY 

COMCENTR  AT  ION 

1 

2 

T 

4 

0.0000 

0.0009 

0.0000' 

0.0000 

.  c  o  o  o 

1.92 

1.88 

C .0000 

0.530 

0.530 

3.84 

2.48 

3  •  C  8 

2.71 

2.56 

7.68 

9.11 

5.64 

5.36 

4. 60 

19.2 

15.0 

12.6 

18.9 

18.1 

38.4 

34.1 

27.4 

34.4 

32.9 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0.000“ 

0.0000 

0.0000 

0.0000 

1.92 

0.735 

0.803 

199 

-61.7 

3.84 

2.71 

0.266 

9.82 

-29.5 

7.68 

6.18 

2.00 

32.4 

-19.6 

19,2 

16.2 

2.92 

18.1 

-15.8 

38.4 

32.2 

3.26 

10.1 

-16.2 

124 


TARGET  FOUND 


125 


TARGET 

CORR.  COEFF.  *»  0.9864  FOUND  *  -0.4214+  0. 851678*TARGET 

DETECTION  LIMIT  -  7.5021 i 


PYRENE,NAT C2hPNMI (UG/L  > 


UNCLE  AW 


TARGET 

CONCENTRATION 

I 

DAY 

c 

7 

4 

o  .good 

0  .  C  0  0  c 

C.OOro 

0. GOOD 

: .  o  o  o  c 

1.92 

0 .  7  1  0 

3.30 

0.0000 

C.6e6 

3.84 

2  .3  C 

1.51 

1  .25 

3.57 

7.68 

5.72 

5.94 

5.13 

5.43 

19.2 

14.2 

14.1 

13.9 

13.5 

38.4 

3  0.5 

30.5 

37.4 

31.6 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

G.OCOu 

0 .0000 

0 .0000 

0.0000 

c.r occ 

1.92 

1.18 

1.45 

124 

-3  6.7 

3.84 

2.16 

1.04 

48.3 

-43.8 

7.68 

5.55 

0.352 

6.34 

-27.7 

19.2 

14.1 

0.544 

3.86 

-26.7 

38.4 

32.5 

3.31 

10.2 

-15.4 
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C0RR.  C0EFF. -  0.9909  FOUND  *  -0.7893+ 

DETECTION  UNIT  =*  6.84384 


i  • 

l  . 


PYRENE*STD(23CNM> 

tUG/L) 

CLEAN 

target 

CONCENTRATION 

1 

DAY 

2 

5 

4 

O.OoCC 

0  .  C  0  C  0 

C.0000 

o.cooc 

0.0000 

1.92 

1.29 

1.68 

0.700 

.0070 

3 .  fi  A 

3.08 

2  »  °0 

3.67 

3.04 

7.66 

6  •  8  Q 

5.88 

5.76 

6.30 

L-  . 

19.2 

21.6 

17.3 

14.6 

15.0 

38.4 

34.1 

38.0 

31.4 

33. C 

i 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

FERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

■i  ! 

i  i 

0  .  C  u  G  C 

D  .0000 

0.0000 

0. 3000 

0.0000 

1.9  2 

G  .917 

2.732 

79.  P 

-52.? 

3.84 

3.15 

0.370 

11.7 

-1  8.0 

7.68 

6.18 

0.471 

7.61 

-19.5 

19.2 

17.1 

3.21 

18.8 

-10.  « 

38.4 

34.1 

2.81 

8.24 

-11.1 

i 

r 
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TARGET  FOUND 
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o 
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TARGET 

CORR.  COEFF . »  0.9916  FOUND  =  -0.4150+  0. 900?93*TARGET 

DETECTION  LIMIT  »  6.36532 


CHRYSENE. STD(280NM) 

tUG/L) 

UNCLEAN 

TARGET 

DAY 

CGNCENTRAT  ION 

1 

2 

3 

4 

Q.000C 

0.0000 

0.0000 

0.0000 

r .oooo 

C.1000 

0.0000 

0.211 

G  .200 

■•coco 

0.200 

0.243 

0.307 

0.321 

o.ocro 

0.400 

0.467 

0.392 

0.447 

0.365 

1.000 

0.911 

1.09 

1.29 

0.855 

2.00 

1.91 

2.21 

2.12 

1.97 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0  .0000 

C.0000 

O.OOCO 

O.OOCO 

C.10O 

0.103 

0.119 

116 

?.7 6 

0.200 

C  .218 

0.149 

6B.5 

r.P  7 

0.400 

C.423 

0.3548 

13. C 

5.6° 

1.0  0 

1.04 

o 

• 

H-* 
v 0 

CT* 

19.*0 

3.65 

2.00 


2.05 


0.137 


6.6ft 


2.62 


TARGET  FOUND 
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TARGET 

CORR.  COEFF . *  0.9384  FOUND  »  0.0067+  1 . 024885*TARGET 

DETECTION  LIMIT  *  0.39174 


CHRYSENE«NATt28CNM> (UG/L)  UNCLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

4 

0.QC00 

o.cooo 

0.0000 

0  .  C  0  c  0 

•: .  c  c  c  o 

: .ice  u 

0.135 

0.127 

0 . 0  0  C  ■? 

0.309 

1.200 

0.26C 

0.290 

0.228 

0.18  0 

C.400 

‘  .487 

0.447 

0  .439 

0*328 

1.000 

1.23 

1.000 

1 .  C  4 

C.940 

2.00 

2.28 

2.08 

2.1* 

1.88 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0 . 0  0  C  0 

0 .COCO 

0.0000 

9  •  3  0  C  0 

0.00-0 

C  .  1  0  c 

.143 

0.127 

ce.9 

42.7 

0 . 2  0  C 

■  .239 

0  .  G  4  7  2 

19.8 

19.5 

C  ,4C  C 

"  .425 

0.  681 

16.0 

6.31 

1  .  0  C 

1.05 

0.125 

11.9 

5.25 

2  •  GO 

2.09 

0.167 

7.99 

4.50 

132 


TARGET 


TARGET 

CORR.  COEFF.5*  0.9920  FOUND  »  0.0204+  1 . 0344281TARGET 

DETECTION  UNIT  =  0.32462 


CHRYSENE»STD<28 

3NM)  (l'6/L) 

CLEAN 

TARGET 

DAY 

CONCENTRATION 

2 

i 

G.QOOG 

o.cooo 

0.0000 

3.0000 

O.COOO 

0 . 1  C  0  <? 

0 .0000 

0.0000 

0.1000 

.0000 

0.203 

3.244 

0.1P7 

O.OOCO 

c.ococ 

0  •  4  C  Ci 

3.463 

0.388 

0.487 

1.09 

1.030 

0 .968 

0.Q05 

6.919 

1.50 

2. GO 

2.21 

1.79 

1.80 

c .0000 

target 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0033 

0 ,0000 

0.0000 

G.OCGO 

o»ocoo 

0.13  0 

C .3250 

0.250  0. 

2  ?  ? 

-75.0 

0 . 2  C  C 

".108 

0.127 

117 

-46.1 

G  .  4  0  C 

;  .446 

0.0516 

11.6 

11.5 

l.CC 

:  .970 

0.0841 

8.67 

-2.95 

2.00 

1.82 

0.292 

16.0 

-8.75 

134 


TARGET  FOUND 
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TARGET 

CORR.  COEFF.s  0.9809  FOUND  ■  -0.0199+  0. 938101&TARGET 

DETECTION  LIMIT  *  0.51674 


BENZO<B)FLUORAN. « 

STDtFL) (UG/L) 

UNCLEAN 

TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0.0000 

o.oooc 

0.0000 

0.0000 

".0000 

0.104 

0.109 

0.213 

0.137 

•  09  0  0 

C  •  2  0  8 

1.67 

0.183 

9.20 

0.205 

C.416 

C.36P 

0.286 

9.457 

0.226 

1.04 

0.851 

0.662 

0.901 

1.08 

2.0  8 

1.55 

1.23 

1.79 

1.71 

TARGET 

concentration 

AVERAGE 
FOUNO  VALUE 

standard 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0090 

9.0000 

0.0000 

0.9000 

0.3000 

0.104 

0.115 

0.0882 

.  76.9 

10.3 

0.208 

0  .564 

0.737 

131 

171 

0.416 

0.334 

0.100 

39.0 

-19.7 

1.04 

0.873 

0.172 

19.7 

-16.0 

2.08 

1.57 

0.248 

15.8 

-24.5 

136 


CORR.  COEFF.*  0.8491  FOUND  *  0.1256+  0. ?02664*TARGET 

DETECTION  LIMIT  *  1.64785 


6ENZG(B>FLU0R.NAT(FL> CUG/L)  UNCLEAN 


TARGET 

CONCENTRATION^ 

■ 

DAY 

2 

3 

4 

C.OCOu 

C.GC0G 

c.ocoo 

0  .  0  0  C  0 

0.0300 

0 . 1 C  4 

0  •  C  9  2  0 

.cooo 

0.129 

0 . 0  0  0  0 

C  .  2  C  8 

C  a  162 

0.266 

3.183 

C.144 

C  .Alfa 

3.289 

0.335 

0.3C2 

C.365 

1  .C4 

0.614 

0.696 

0.678 

0  •  66  C 

2.3b 

1.46 

1.R5 

1.65 

1.23 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0  00  0 

C .OGOC 

c.coco 

o.ccco 

O.OCQO 

3.134 

3.0322 

C.3645  . 

230 

-6  9.3 

0 . 2  0  fe 

3.189 

0.0538 

28.5 

-9.21 

0.416 

3.323 

0.0340 

10.5 

-22.4 

1.34 

C  .662 

C.  '349 

5.29 

-36.3 

2.06 

1.55 

0.265 

17.1 

-25.6 

138 


TARGET  FOUND 


TARGET 

CORR.  COEFF. =  0.9791  FOUND  *  -0.0105+  0. 7319681TARGET 

DETECTION  LIMIT  *  0.54978 


BENZ  0 ( B ) FLUOR 

» STD l FL  > (UG/L) 

CLEAN 

TARGET 

CONCENTRATION 

* 

DAY 

O 

C 

T 

4 

o.oooc 

0  .  S  0  0  o 

r  •  0  0  ?  0 

0.0000 

'•.oorc 

C  .  1  c  4 

C  .  1 1  c 

0.127 

0.140 

0.114 

: .  2  c  a 

.167 

0.19C 

0.223 

0.14? 

n.4io 

:.36S 

0.347 

0.409 

0.230 

1 .04 

0.919 

0.734 

0.846 

0.85C 

2  •  D  6 

1.55 

1  .66 

1.66 

1.6C 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNC  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

o .  c  g  c  a 

o .  c  s  a  o 

c.  cocc 

0  .  C  Q  0  0 

0.00  6 

L  .  1  0  4 

r  •  1  23 

0.0136. 

11.1 

16.0 

C  •  C.  w  b 

y  .  1  8  0 

0.C345 

19.1 

-17.2 

u  •  4  1  6 

0.3  38 

0.0768 

?  2 . 7 

-IP. 6 

1.04 

-.837 

:. 0766 

9.14 

-19. f 

2.0  6 

1.67 

0.136 

8.15 

-19. P 

L 

i 

1 
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TARGET  FOUND 
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CORR.  COEFF. s  6,9939  FOUND  *  6.0157+  0. 793206TTARGET 

DETECTION  UNIT  =  0.29449 


BENZ  0 (K ) FLUOR  AN.* STD (FL) (UG/L)  UNCLEAN 


TARGET 

CONCENTRATION 

1 

0  AY 

2 

3 

4 

0.0000 

0.0000 

0.0000 

0. coco 

0.206 

C.133 

0.368 

0.193 

'  .06*0 

0.41 2 

0.267 

0.313 

0.373 

0.373 

0.824 

0  .7°u 

0.564 

0.972 

0.414 

2.06 

1.95 

1.44 

2.04 

2.45 

4.12 

3.19 

2.73 

3.25 

3.24 

TARGET 

CONCENTRATION 

AVERAGE 
FOUNO  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

0 . "COO 

0.0000 

0  .  C  0  0  0 

0.0000 

0.206 

0.190 

0.130 

.  68.2 

-7.77 

r  .412 

-".331 

0.0515 

15.5 

-14.5 

C  .824 

0.246 

35.9 

-16.9 

2.06 

1.97 

0.415 

21.1 

-4.3"' 

4.12 

3.10 

0.250 

8. 05 

-24.7 

TARGET  FOUND 
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TARGET 

CORR.  COEFF.a  0.9764  FOUND  *  0.0647+  0. 772872*TARGET 

DETECTION  LIMIT  *  1.16131 


BENZO<K)FLUCR,NAT<FL> (UG/L)  unclean 


T  AP  GET 

CONCENTS  AT  ION 

“t 

DAY 

2 

V 

4 

0 . 0  C  0  D 

0  •  0  u  D  l 

0.0000 

o.:oo: 

o.ccoo 

C  •  2  t 

0.152 

0.161 

0.17? 

1.41 

:.n2 

•3.26: 

0.306 

0  .214 

C.256 

t  .824 

0.558 

0.689 

0.604 

0.7^0 

2.C6 

1.26 

1  .54 

1  .51 

1.44 

C\J 

H 

• 

4- 

3.14 

3.22 

3.2° 

2.73 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

percent 

IMPRECISION 

PERCENT 

INACCURACY 

o.coco 

G  .  0  0  C  0 

0.C1CC 

o  •  o  c  c  o 

G  .  C  G  0  0 

'  .20c 

:  .474 

0.624  ■ 

132 

13* 

0.412 

:.c66 

0.161 

0.0000 

-62.6 

0.626 

-  .214 

C. C458 

0.  DOC? 

-47.8 

2.36 

'".256 

0 .0655 

G.  CCOC 

-37.? 

4.12 

-'.638 

0.0683 

1  ?  •  7 

-22.6 

TARGET  FOUND 


145 


BENZG<K>FLUCR»STD<FL>  (UG/L)  CLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

O.OOGo 

0.C2CC 

o.ocoo 

0.00GG 

C .0000 

u  •  2  u  b 

o.cooo 

0.145 

0.2*3 

G.140 

C  .412 

0.269 

0.330 

0.4  14 

0.2C5 

C  •  324 

].7n' 

0.723 

C.882 

1.07 

2.06 

2.07 

1.71 

1.85 

1.94 

4.12 

3 .1° 

3.12 

3.13 

0.0000 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

G.OGGO 

0  .  0  G  0  0 

0.D00G 

0. ococ 

c.ooco 

«i .  2  j  f> 

1.132 

0.1000. 

75.7 

-35.9 

0.412 

0.304 

0.0891 

29.3 

-26.1 

t  .  8  2  4 

0.866 

0.151 

17.4 

5.13 

2.06 

1.89 

0.152 

8.  '1 

-8.13 

4.12 

3.15 

0.0378 

1.20 

-23.6 
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CORK.  COEFF.-  6.9882  FOUND  *  6.0631+  0. 787665*TARGET 

DETECTION  UNIT  *  0.76066 


BENZ0<A)PYRENE,STD<28 

OMUG/L) 

UNCLEAN 

TARGET 

DAY 

CONCENTRATION 

1 

2 

3 

4 

0.0000 

0.0000 

0.0000 

0.0000 

C.0000 

0.224 

0.443 

0.517 

0  .408 

‘  .0000 

0.448 

0.488 

0.632 

0.526 

0  .64  C 

C.896 

0.958 

0.686 

0.757 

0.563 

2.24 

1.9! 

1.66 

2.08 

2.09 

4.48 

3.98 

3.43 

3.34 

3.51 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

0.0000 

o.oaoo 

0.0000 

0.0000 

o.coon 

0.224 

0.342 

0.232 

68.0 

52.7 

0.448 

G.571 

0.0761 

13.3 

27.6 

0.896 

C.741 

0.165 

22.3 

-17.3 

2.24 

1.93 

0.201 

10.4 

-13.6 

4.48 


3.56 


0.285 


8.00 


20.4 


TARGET  FOUND 


DETECTION  LIMIT  *  0.84921 


6ENZ0(A)PYRENEtNAT  ( 2  R  I’NM)  UNCLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

5 

4 

O.COOC 

0.0000 

C.0000 

0.0000 

e.oooc 

0.224 

C.136 

0.198 

o.oocc 

.0000 

0 .448 

0.284 

0 . 0  C  C  ? 

0.388 

0.194 

0.896 

0.580 

0.941 

C.730 

0.79P 

2.24 

1.54 

2.30 

1.15 

0.793 

4.48 

5.64 

4.21 

3. 70 

3.21 

T  ARC-ET 

AVLRAGE 

STANDARD 

PERCENT 

PERCENT 

CONCENTRATION 

FOUND  VALUE 

DEVIATION 

IMPRECISION 

INACCURACY 

0.C0C3 

C.OOGG 

0.0000 

0.C30P 

0.0030 

0.224 

. .0840 

0.100  . 

119 

-62.5 

TARGET  FOUND 
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6ENZ0< A) PYRENE  »ST 0(25 4NM) (UG/L)  CLEAN 


TARGET 

CONCENTRATION 

1 

DAY 

2 

3 

4 

0  •  G  u  C  0 

G  .  C  C  C  0 

C  .OCCO 

.0.0003 

: .coco 

G.224 

0.488 

0.435 

0. OCCO 

•  .coco 

•0.448 

G  .488 

0.610 

3.58’ 

0.469 

0.894 

1.04 

0.925 

0.813 

0.760 

2.24 

2.28 

1.91 

1.55 

1.91 

• 

OD 

3.98 

4.46 

3.79 

4.72 

target 

CONCENTRATION 

AVFRAGE 
FOUND  VALUE 

STANDARD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

c.oocc 

0  .  C  C  0  0 

O.Ou‘3 

0.0300 

0.3000 

C  .224 

.231 

0.267, 

116 

3.01 

3.4h« 

0.537 

0.0692 

12.9 

19.9 

0.89  6 

C.884 

0.124 

14.1 

-1.29 

2.24 

1.91 

0.298 

15.6 

-14.6 

4.48 

4.24 

0.428 

10.1 

—  c  •  4  1 
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TARGET  FOUND 


153 


TARGET 

CORR.  COEFF. s  0.9874  FOUND  =*  0.0242+  0. 923899TTARGET 

DETECTION  UNIT  =  0.9148 


*S  (*'<“  •^J’ 


INDEN0(1*2*3C0)PYR 

•  *STD ( 28  ONM  > 

UNCLEAN 

target 

DAY 

CONCENTRATION 

1 

2 

3 

4 

O.OCCC 

0.0000 

0.0000 

0.0000 

C  •  0  0  0  0 

0.287 

0.0000 

0.859 

0.0000 

0.434 

0.575 

Q.616 

1.09 

0.871 

0.517 

1.15 

1.20 

1.31 

1.25 

0.837 

2.88 

3.28 

2.21 

4.06 

3.99 

5.76 

7.06 

5.05 

6.90 

5.37 

TARGET 

CONCENTRATION 

AVERAGE 
FOUND  VALUE 

STANDAPD 

DEVIATION 

PERCENT 

IMPRECISION 

PERCENT 

INACCURACY 

C  .  000  0 

0.0000 

o.nooo 

0.0000 

0.0000 

0.287 

0.323 

0.412 

127 

12.6 

0.575 

0.873 

G.196 

22.4 

51.9 

1.15 

1.15 

0.213 

18.5 

-0.C652 

2.88 

3.36 

0.859 

25.4 

17.5 

5.76 

6.09 

1.03 

16.9 

5.82 
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INDENCU  1*2»3CD)PYR  «NAT  C280NM)  UNCLE- AN 


TARGET 

CONCENTRATION 


o.oooc 

o.ooco 

C.G090 

0.0000 

C.OOPC 

0.288 

o.ooco 

0*9090 

0.0000 

•  000  9 

0.576 

O.GOCC 

0.566 

0  .459 

0.570 

1.15 

1.23 

1.10 

1.23 

1.0° 

2.88 

3.21 

3.34 

2.87 

2.56 

5.76 

5  .9 

7.68 

5.99 

3.32 

TARGET 

CONCENTRATION 


0.00 JC 
HE 


AVERAGE  STANDARD  PERCENT  PERCENT 

FOUND  VALUE  DEVIATION  IMPRECISION  INACCURACY 


c .000 : 

j . 0000 


0.0000 

0.0000 


.576 

C.399 

0.271 

67.9 

-30.8 

1.15 

1.16 

0.9780 

6.71 

0.911 

2.68 

2.99 

0.351 

11.7 

3.99 

5.76 

5.72 

1.80 

31.4 

—  ''•651 

INDEN0il*2t3CO)PRYtSTD(280NM> CUG/L )  CLEAN 


TARGET 

CONCENTRATION 


0  .  C  u  t  0 

e.oaco 

0.0000 

0.0000 

0.0000 

C  .28  7 

C.710 

0.0700 

0.300 

.coro 

0.575 

0.615 

0.512 

0.67? 

0.570 

1.15 

1  .84 

0.903 

1.52 

0.931 

2.68 

3.53 

2.73 

2.69 

3.27 

5.76 

7.06 

8.07 

5.90 

5.2  3 

TARGET 

CONCENTRATION 


0 . 0  0  0  0 
,1.2b  7 
.575 
1.15 
2.6b 


AVERAGE  STANDARD  PERCENT  PERCENT 

FOUND  VALUE  DEVIATION  IMPRECISION  INACCURACY 


C.000" 
j  .252 
G.5  92 
1.30 
3.05 


0.0000 

0.336. 

0.0679 

0.460 

0.413 


0.0000 

133 

11.5 

35.4 

13.5 


0.0000 
-12. n 
3  •  0  C 
12.9 

14.0 
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